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The Physical Nature of the Shrinkage 
of Portland Cement. 
By H. B. SEED, B.Sc. (Eng.) 


THE phenomenon of shrinkage is of considerable importance in the design and 
esthetic qualities of concrete structures, and a great deal of experimental and 
theoretical work has been carried out with the object of estimating the magnitude 
of the movement and its effects. These investigations show that in most struc- 
tures the effects in design are negligible, but that in long continuous concrete 
spans some allowance has to be made. This generally takes the form of sub- 
dividing the length into sections in order that cracking due to shrinkage shall 
be prevented, or at least reduced. 

Cracking caused by failure of concrete in tension due to differential shrinkage, 
or to shrinkage under partial or complete restraint, is the one effect of shrinkage 
of real concern to the engineer. The problem is still receiving attention, but it 
is likely that no marked improvements can be expected until engineers are pro- 
vided with a complete and simple picture of the mechanism of the shrinkage 
movement. It is with this object that the present paper has been prepared. 

In order to appreciate the nature of shrinkage some knowledge is required 
of the composition of concrete, and it is thought desirable to summarise the 
description by Mr. C. G. Lynam! of the changes occurring during the setting 
and hardening periods. On this subject there are two basic theories differing 
on which of the chemical substances formed after the addition of the mixing water 
is mainly responsible for the properties of the concrete. According to the crystal 
theory the final products are silica gel and calcium hydroxide, of which the latter 
is the more important. Thus, due to the contraction which takes place when 
calcium hydroxide is formed by hydrolysis, the particles of aggregate are held 
in position by a surrounding mass of interwoven crystals. The gel theory argues 
that the proportion of water generally added would dissolve very little lime, 
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and that the hydrolysis occurring is therefore small ; crystals of tricalcium silicate 
are formed, but the cement is a hardened gel of calcium silicate. 

A more general, and more likely, theory reconciles these two ideas by saying 
that on hydration a gel is formed which, after a considerable time, is replaced 
by crystals. As a rule the formation of a gel is preceded by the formation of a 
colloid solution, that is a suspension in a liquid of fine particles ranging from 
microscopic to molecular. Owing to their small size and high ratio of surface 
area to mass, the forces acting on the particles, for example, surface tension and 
electrical attraction and repulsion, can overcome the effects of gravity and the 
particles are held in suspension. Under certain conditions, such as change of 
temperature, loss of moisture by evaporation or, particularly, the addition of an 
electrolyte, the colloid coagulates or stiffens, forming a gel. In this comparatively 
rigid state the gel is still capable of holding a considerable quantity of liquid ; 
silica gel may hold up to 300 molecules of water to one of silica, though much of 
this may be lost by evaporation and up to go per cent. may be expelled under 
pressure. This loss of moisture causes the gel to harden, but the change is by 
no means irreversible. Owing to the continuous diffusion of liquid through a 
gel, liquid may be added or removed as external conditions dictate, causing the 
gel to swell or shrink. Under normal conditions, however, most gels lose moisture 
by evaporation, hardening is promoted, and the gel assumes a crystalline form. 

When water is added it begins to dissolve the surface of the cement particles, 
forming (a) a colloid and (b) a series of solutions. As solution progresses heat 
is evolved, causing the colloid to form a gel, that is the concrete starts to set. 
For this reason hot water hastens the setting of cement. Meanwhile more water 
attacks the cement particles, and the mixture consists of colloid, gel, solutions 
and free water which has not yet reached the surfaces of the particles. This 
water may be squeezed out of the concrete while casting or lost by evaporation 
during setting. New colloid, as it is formed, is adsorbed by the gel, but when 
the mixture begins to dry out the solutions evaporate and crystals of calcium 
sulpho-aluminate and calcium hydroxide are formed in the minute crevices or 
micropores which are present in the gel structure. As the water is used the gel 
hardens, but since the drying process continues for a long time a certain amount 
of free water is invariably available. 

Thus the water content of concrete can be sub-divided into three main types : 
(a) Firmly held or chemically combined water as in Ca(OH),, (b) Loosely held 
such as colloidal water or water of crystallisation (CaSO,. 2H,O), and (c) Mech- 
anically held or free water. The proportion of free water, initially high, is 
reduced considerably by losses in evaporation, the constant hydration of cement, 
the conversion of colloid to gel, and the formation of crystals. As a result the 
water becomes more firmly held with age and the gradual crystallisation causes a 
corresponding slight change in the properties of the concrete, an increase in 
strength, and a reduction in elastic strain under stress. 

The gel constituent, after drying to a certain stage, begins to develop a capillary 
structure giving easier movement to the water, which, attracted to the surface, 
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dissolves some calcium hydroxide and deposits it in the capillaries and at the 
surface. Near the surface carbon dioxide from the air converts the hydroxide 
to carbonate, and if this blocks the channels no further diffusion can occur. If 
it does not, however, more water and carbon dioxide dissolve the carbonate, 
lime is carried to the surface, and the passages are left free as before. Macropores 
or small cavities, due mainly to inadequate mixing and packing or to lack of 
cement, are connected by the capillaries, giving a large surface exposed to this 
solvent action with the result that calcium hydroxide may be gradually lost and 
the cement gels weaken. Such an occurrence is rare since moist curing fosters 
the production of colloid and helps unhydrated cement to combine with available 
water, forming more gel and crystals and so making the structure more stable 
and dense and the capillaries smaller. Further, it discourages the flow of water 
from the concrete causing calcium hydroxide or carbonate to block the channels ; 
the movement of the water then diminishes rapidly, the growth of crystals and 
gel diminishes it further, hardening is promoted, and the strength increases. But 
with initially large pores and atmospheric conditions promoting the flow of 
water the concrete may deteriorate. 


With a high water-cement ratio, excess water dissolves the lime and leaves 
a gel of silica instead of calcium hydrosilicate, making the concrete weaker. A 
low water-cement ratio promotes a rich colloid before gel formation, giving a 
dense structure afterwards, a reserve of unhydrated cement to combine with 
any free water, and increased strength. 


The hardening process is slow and continuous. It is suggested that the 
initial set corresponds with the formation of the gel and the final set marks the 
time when the gel has hardened sufficiently to bear an arbitrarily fixed load. 
Good concrete, however, increases in density and strength for many years through 
the hydration of its reserves of cement. 


Shrinkage. 

As we have already seen, the addition of water to Portland cement results 
in the formation of a gel and the property of gels when wetted to take up liquid 
and swell, or when dried to give up liquid and contract, has been firmly established. 
If, then, water is removed from the gel constituent of a concrete, a contraction of 
volume is to be expected. 


When water is added to Portland cement there appear to be three phases of 
volume change, namely, (a) initial expansion, (6) rapid contraction over a short 
period, and (c) a slower and progressive contraction over a number of years. 


The second movement, a relatively rapid contraction which takes place 
mainly over the setting period, is due to volume changes caused by the chemical 
combination of the water with the cement constituents. It is not connected with 
loss of moisture—this has been clearly demonstrated by measuring the volume 
change while the mixture was immersed in benzene—and is known therefore as 
autogenous shrinkage. Although the hydration of more cement particles continues 
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over an indefinite period the effects after the initial hydration are so small as to 
be negligible, and subsequent expansion or contraction is almost entirely due to 
adsorbtion by, or loss of water from, the gel. Tests by Mr. J. C. Pearson? at the 
U.S. Bureau of Standards in 1921 showed moderate expansion or contraction over 
the first four hours while the mortars were still plastic, followed by a pronounced 
contraction during the initial set (autogenous shrinkage). The rate of shrinkage 
was reduced considerably at eight to ten hours during the time of final set, very 
little change occurred from twelve to twenty-four hours, but thereafter a long 
continuous shrinkage began. It is the last progressive volume change which is 
of importance to engineers. 


Mortar retains the property of expanding and contracting on wetting and 
drying after many years, and it is clear that all movement in concrete must take 
place in the cement paste. Cement gel at the surface loses water by evaporation 
and replaces some of this from the moister concrete inside, so forming a moisture 
gradient across the concrete. Since the volume of the gel is a function of the 
moisture content, shrinkage will vary across the concrete, being greatest at the 
outer surface and least at the central axis. In consequence, internal stresses are 
set up—the skin tends to contract more-than the core, and this movement puts 
the skin in tension and the core in compression. 


Differential shrinkage has been demonstrated both quantitatively and 
qualitatively by numerous investigators. For example, Dr. A. D. Ross%, using 


a rectangular prism coated with pitch on all except one of its faces to represent 
a 12in. slab of great dimensions in plan, found that the difference of linear 
shrinkages at the surface and at the centre amounted to 470 x 10-* inch at 
200 days. With E = 3 x 10%lb. per square inch, this represents a stress 
difference of 1,400 Ib. per square inch, and while creep would undoubtedly operate 
to reduce this figure it is clear that surface cracking due to failure of the concrete 
in tension will result in unfavourable cases. 


When concrete is wetted these conditions are reversed, the core is in tension 
and the skin in compression though the specimen lengthens as a whole. Such 
changes may be reversed many times without any permanent effect on the linear 
dimensions. Tests by Mr. A. H. White‘ and others have shown that up to ages 
of at least twenty years mortars and concrete respond quickly to variations in 
moisture conditions, although the rate of change may not be so great as in a 
freshly-cast specimen. Volume seems to depend less on the quantity of water 
than on the manner in which it is held, free water having practically no effect on 
the linear dimensions. It has been found that concrete takes up a certain amount 
of water before it begins to expand and goes on expanding slowly after it has 
ceased to absorb water. Mr. A. H. White® also found that concrete will take 
up a fair weight of benzene without any effect on the linear dimensions, and 
since this could not be chemically combined or adsorbed by the colloid it could 
only have been stored in the capillary channels or micropores of the concrete. 
This implies that free water has no effect on movement, which is mainly due to 
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change of moisture content of the gel or to its subsequent conversion to crystals. 
It suggests, too, that a wet concrete will lose a certain amount of water before it 
begins to contract. That this is the case was shown by Dr. Ross, who reported : 
“In all cases a marked reduction in the rate of loss of moisture was noted after 
a short period while the decrease in the rate of shrinkage was more gradual 
and continuous. This is in accordance with the conception of an initial abundance 
of free water which is easily lost by evaporation at the surface giving initially a 
steep gradient to the moisture loss curve.’’ It has been suggested by Mr. H. W. 
Coultas® that, in the later stages of drying, shrinkage and moisture loss are 
proportional, but this was not supported by Dr. Ross’s results. In this connection 
he says, “ Although there was some indication in certain cases, no general 
proportionality was evident. Since moisture distribution is three dimensional 
it seems improbable (except in cases of unique size and shape) that there could 
be such a proportionality, although it is not impossible that such a relationship 
might be found for volumetric shrinkage.”’ 

Although alternate wetting and drying may cause no permanent change in 
the dimensions of concrete it is not without effect on the physical nature of the 
material. Mr. T. Matsumoto’ found that a specimen that has contracted in size 
may have increased in weight. During the wetting periods some of the water is 
used to hydrate more cement, the combined moisture content is increased with a 
consequent formation of more crystals, and on drying a greater proportion is 
retained as water of crystallisation or chemically combined in the gel. With 
the formation of more colloid the gel is gradually enriched, crystals grow and by 
their pressure harden the gel, and the circulation of water induced in this way 
leads to more complete hydration of the cement. 

Since concrete expands on wetting, and the contraction on drying may induce 
stresses sufficiently high to cause minute failures (evidenced by crazing), it would 
seem clear that an attempt could be made to reduce the shrinkage by storing the 
concrete during its early life in a moist atmosphere. Moist curing, by flattening 
the moisture gradient, reduces differential shrinkage and at the same time enriches 
the surface gel. Thus internal stresses are kept low while the gel grows strong 
enough to resist them, leading to a more uniform and stronger concrete. 

There has been a great diversity of results in shrinkage experiments, due no 
doubt to lack of appreciation of the number of factors involved, but a considerable 
amount of work has been carried out on the subject and the following is based 
on the reports of Mr. R. E. Davis* and Dr. W. H. Glanville®. 

(a) TyPE oF CEMENT.—Volume changes vary considerably with chemical 
composition and are also affected by the fineness of grinding. Dr. Glanville showed 
that shrinkage was greater for high-alumina cement than for rapid-hardening Port- 
land cement, while the latter in turn contracted more than normal Portland 
cement. There were differences, too, in expansion due to wetting, for while Portland 
cement concretes showed continuous swelling in water, high-alumina cement 
concrete showed a slight tendency to shrink at first followed by a gradual swelling. 
This seems to confirm tests by Mr. W. K. Hatt,!° from which he concluded that 

B 
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cements which exhibited the greater net expansions under water also developed 
less net contractions in air. 


Mr. P. H. Bates ™ found greater expansion in water with fine cements, the 
expansion of normal cements being about go per cent. that of reground cements. 
This can be accounted for by the greater surface area available for hydration in 
the fine cements, with consequent formation of more gel. On the other hand, 
accelerated expansion tests reported in Le Ciment (1923), using the Le Chatelier 
apparatus (the cement paste being boiled for six hours), showed decreased expan- 
sion with increase in fineness. Other results seem to support Mr. Bates’s results, 
but on the whole the effects of fineness of cement appear to be very small. 


(6) Proportions oF Mrx.—-Mr. F. R. McMillan’* and Mr. Matsumoto’ both 
showed that the richer the mix the greater the shrinkage, the latter also showing 
this to be true for expansion. These results have since been confirmed by Messrs. 
Davis and Troxell in California, and again the most probable explanation is the 
increase in potential shrinkage caused by an increase in the gel content. An inter- 
esting feature of Mr. Matsumoto’s results was that the contractions after 58 days 
in air did not bear any consistent relationship to the cement content, while 
ultimate shrinkages showed a clear relationship. This suggests that the results 
of short-time tests are not always a criterion of the ultimate values. 


O. Graf!® pointed out that increase in cement content is not always accom- 
panied by increase in shrinkage because a greater quantity of water is required for 
the lean mix in proportion to the cement, and the resulting increase in shrinkage may 
outbalance the decrease in shrinkage caused by the use of less cement. This may 
be the more usual case, but it introduces a second variable, the water content, 
which itself may be masked by the influence of some other factor. In view of 
this, Graf’s conclusions are not contradictory to other results. 


(c) TYPE AND GRADING OF AGGREGATE.—The influence of the type of aggregate 
was shown by Mr. R. E. Davis whose results demonstrated the small contraction 
of granite and limestone concretes in comparison with similar gravel and sand- 
stone concretes, but the effect of variation of grading is not nearly so marked. 
Despite the fact that mortar mixes of a given water-cement ratio are subject to 
greater volume changes than concrete mixes of the same water-cement ratio, 
Messrs. Davis and Troxell concluded that the percentage of fines did not appear 
to affect the ultimate volume changes. Investigations by Mr. Hatt and Dr. 
Glanville, however, indicate that while the effect is negligible the use of aggregates 
with higher surface moduli will, if anything, result in slightly greater volume 


changes. 

(d) ADMIXTURES.—Until recently the only available information on the effects 
of admixtures was that obtained by Messrs. Davis and Troxell 14 showing that 
(a) the addition of lime has very little effect on the shrinkage movement and 
(6) the results are affected by replacing cement by, say, To per cent. lime or clay. 
For a lime replacement shrinkage is reduced, while for clay it is increased. 








NoveMBER, 1946 CEMENT AND LIME MANUFACTURE Pace 101 


Although it is impossible to exclude the possibility of direct effects of these 
materials, it is probable that the differences in shrinkage values resulting from such 
substitutions are of a secondary nature. Thus, a lime replacement gives a leaner 
mix, a proportion of the mixing water is required for hydration of the lime so 
reducing the effective water-cement ratio, and the lime itself hinders the access of 
water to the cement grains—all contributory causes to a reduction in gel formation 
and therefore in shrinkage. A clay replacement will act simply as an aggregate 
which may take up a slight quantity of water, but which will then itself become 
subject to shrinRage. Thus the effect on the mix as a whole is a reduction in 
cement content, no appreciable change in water content, and therefore an increased 
water-cement ratio. If the increase in shrinkage due to this higher proportion of 
water in the gel exceeds the decrease resulting from the reduction in gel formation, 
the mix will exhibit the higher volume changes found by Mr. Davis—a result 
depending on the proportion of cement replaced. 


Further information has recently been published by Mons. Lossier!® who has 
found it to be possible to produce cements with controlled expansions by adding 
to normal cement (a) a sulphoaluminate cement which acts as the expanding agent 
and (6) a stabilising element, usually slag cement, which is capable of stopping 
the expansion but whose action is retarded. By using these materials it is possible 
to induce in the cement an artificial expansion and, further, to regulate the expan- 
sion in magnitude and in duration. The mechanism of the movement is not 
understood, but its magnitude for cement paste may be as much as 5 per cent. 
developed over a minimum period of 24 hours or a maximum of about 30 days. 
Once the expansion has ceased, normal shrinkage properties are exhibited and the 
expansion is gradually reduced. Expansive cements of this type are manufactured 
in two principal qualities. First, a cement with comparatively small expansion 
in which the maximum initial expansion is regulated to about 0-003 in. per 
inch. This value is approximately equal to the free shrinkage, so that on drying 
the initial length is gradually restored. In the second quality the initial expansion 
is four or five times this amount, and an increase in volume is therefore permanently 
retained. The development of these cements is a step forward in the control of 
shrinkage movements. Unfortunately, however, such improvements are rarely 
effected without introducing undesirable features. Thus, expanding cements are 
found to be more subject to deterioration than Portland cements, the sand and 
aggregate with which they are mixed must be free from sulphates, and they are 
not, as yet, resistant to the action of sea-water. 


(e) MotsturE ConpiTIons.—Dr. Glanville, Mr. R. E. Davis and others found 
increased shrinkage with higher water contents, and that the action of concrete 
in a damp atmosphere depends on the dryness of the specimen. If the humidity 
of the atmosphere exceeds that of the specimen the concrete will expand, and if 
not the concrete will contract ; hence the use of moist curing to prevent contrac- 
tion at early ages. Investigations seem to show that moist curing does, in fact, 
produce only a negligible reduction in shrinkage. Mr. McMillan’s tests, for 
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example, showed that while the rate of shrinkage of a moist-cured specimen 
was reduced, the ultimate value was not affected ; but a more comprehensive 
result was obtained by Mérsch!* who measured the expansion due to moist curing 
as well as subsequent shrinkage. The final contraction of a specimen stored in 
air from the date of casting was found to be 0-032 in. A second specimen from 
the same mix was water cured for 196 days, when it showed an expansion of 0:032 
in. ; it was then allowed to shrink freely in air, the ultimate length showing a 
total expansion 0-004 in., that is a shrinkage of 0-028 in. Thus, although moist 
curing does not affect shrinkage appreciably, it does affect the actual length of the 
specimen. Its main influences are the prevention of shrinkage until the gel is 
sufficiently enriched to ensure freedom from minor disorganisations and the 
decrease in internal stress resulting from the reduction of differential shrinkage. 

(f) AGE AT FIRST OBSERVATION.—When the final set has taken place, at say, 
the age of one day, the main proportion of water in concrete is that contained 
in the colloid or gel. As moisture is lost by evaporation the rate of moisture loss 
decreases. Since the volume of the gel is a function of its moisture content, the 
rate of shrinkage must decrease with time. Also water is lost from the gel by its 
conversion into chemically-combined water or by the formation of crystals. This 
reduces the evaporable moisture content and leads to further reduction in the rate 
of shrinkage. Thus, although the rate may be fairly steady over the first two 
weeks, there is from this time on a continuous reduction until, after one year, 
movement has almost ceased, and a graph of shrinkage against time is approxi- 
mately exponential in form. Dr. Faber’s results!’, for example, for the average 
shrinkage of concrete mixtures ranging between 5 : I and 6 : 1 showed the con- 
traction after three weeks to be one-half and after ten weeks three-quarters of the 
contraction over the first year. | The recorded shrinkage of concrete depends 
therefore on the age at which the first reading is taken—the older a specimen 
the lower will be its subsequent shrinkage. 

(g) LENGTH OF PERIOD OF INVESTIGATION.—Provided moisture conditions 
remain constant or nearly so, the shrinkage of moist concrete in a dry atmosphere, 
or the expansion of dry concrete in moist atmosphere, is progressive and con- 
tinuous though at a decreasing rate. The shrinkage therefore increases continu- 
ously with time. Mr. White showed this continuous expansion and contraction 
over a period of ten years, though changes after one year were very small compared 
with those previously recorded. 

(kh) SURFACE-VOLUME RatTio.—Shrinkage is considerably affected by the size 
and shape of the specimen on which it is measured, and a comprehensive investi- 
gation of this effect has been published by Dr. A. D. Ross from which the following 
conclusions are taken. Previous results indicated that the smaller the specimen 
the greater the shrinkage, and tests on specimens of varying sizes confirmed this. 
It was, however, from tests in which the shape was also varied that the main 
results was obtained. These showed that shape is a less important factor than 
surface-volume ratio ; that for specimens of the same mix drying under the same 
conditions the magnitude of the shrinkage is a function of this ratio; and that 
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the variation may be very considerable—possibly several hundreds per cent. in 
the case of a large structure on the one hand and a small test specimen on the 
other. Dr. Ross’s results show that for surface-volume ratios of 1-2, 2-2, 
and 3:1 the maximum skin shrinkages for the concrete were 100 X 107°, 108 X 
10-5,and 120 x 1075 respectively, that is the lower the ratio the lower the shrink- 
age. Since in general, and certainly for specimens of the same shape, the larger 
the specimen the lower its surface-volume ratio the earlier conception that large 
specimens exhibit lower shrinkages is not surprising. The explanation is the 
changing nature of the moisture content. In a specimen with a large surface- 
volume ratio evaporation of the free water and the moisture in the gel is fairly 
rapid, the equilibrium position is reached at an early age, very little water is 
available for the further hydration of cement, and only a relatively small pro- 
portion can attain the irreversible chemically combined or crystallised form. 
In the interior of a mass of small surface area, however, moisture loss is greatly 
impeded, the rate of shrinkage is reduced, and contraction continues over a longer 
period. This promotes increased hydration and a gradual conversion of gel into 
crystals, more water reaches the irreversible stage, and so the ultimate moisture 
loss and shrinkage are reduced. 


(:) ABSORPTION OF MOULD.—Messts. Pearson,? Davis and Troxell!* showed that 
shrinkage is less when mortars are cast in absorbent moulds. This is a secondary 
effect, the main cause being a reduction in the effective water-cement ratio 
resulting from the loss of moisture to the mould, with possibly a certain amount of 
unrecorded shrinkage before the moulds are removed. Earlier investigations 
showed a considerable variation amounting to several hundreds per cent. in the 
values of shrinkage and expansion—in fact a report by Mr. Hatt!® showed a 
variation of 400 per cent. in his own results. The chief reason for this was a lack 
of appreciation of the variables affecting the results and the fact that no allowance 
was made for them. Marked differences were also due to differential shrinkage. 
Measurements in some cases were made on the skin and in other cases on the core 
without regard to the different rates of movement across the section. More 
recent tests have been made under controlled conditions with a considerable 
increase in consistency of the results. Even so it would appear that variations 
in comparable tests up to 40 per cent. are possible. Although these tests were 
conducted under laboratory conditions they provide some indication of the factors 
likely to be encountered in practice. With the development of expanding cements 
it is probable that tensile shrinkage stresses in reinforced concrete will ultimately 
be eliminated, but tensile stresses will continue to be set up in the concrete of 
unrestrained slabs due to differential shrinkage no matter what type of cement is 
used. 


Thus if cracking is to be reduced as much as possible an attempt must be made 
to reduce the magnitude of shrinkage. This may be effected by (a) the use of 
normal Portland or Portland blastfurnace cement, (5) avoiding too rich a mix, © 
(c) using granite and limestone aggregates, (d) keeping the water-cement ratio as 





Pace 104 CEMENT AND LIME MANUFACTURE NoveMBER, 1946 


low as possible ; this also leads to an increase in strength, and (e) an adequate 
period of moist curing. Of importance, too, in the development of shrinkage 
stresses is the relief of stress due to creep. To this end it is desirable to use concretes 
exhibiting high creep movements, but unfortunately this is not always compatible 
with a reduction in shrinkage. 
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Manufacture of Cement and Sulphuric Acid 
from Anhydrite. 


A GERMAN PROCESS. 


A REPORT describing the manufacture of cement and sulphuric acid from anhydrite 
by I. G. Farbenfabrik at Wolfen, Saxony, has been prepared by Messrs. A. H. 
Loveless, R. J. Morley, and W. B. Perrycoste for the British Objectives Intelligence 
Sub-committee and published by H.M. Stationery Office (B.I.0.S. Report No. 678, 
Item No. 22. Price 3s. 6d.). 


The authors state that so far as is known this process is worked at only three 
other places in the world. The first plant was erected at Leverkusen (Germany), 
the second at Billingham (England), and the third at Miramas (France). Two 
kilns and four contact systems were built at Wolfen in 1938 and two more kilns 
and four more contact systems were built in 1942. The Wolfen plant, like those 
at Leverkusen and Billingham, starts from anhydrite, very pure in the case of 
Wolfen, containing over 98 per cent. CaSO,. The Miramas plant was said to 
use gypsum, CaSO, . 2H,0. 

The basis of the process is the reduction of calcium sulphate with coke : 

CaSO, + 4C = CaO + SO, + 4CO, (about 1200 deg. C.). 

To facilitate the reaction, enough clay is added to lead to the formation of Portland 
cement clinker in place of CaO, the reaction being represented approximately by 
CaO + 4Al1,0, . 2510, = } 3CaO. SiO, + 4 2CaO. Al,O, (about 1400 deg. C.). 
The fundamental reaction is thus modified by using a higher ratio of SiO, : Al,O, 
(about 2 parts by weight of SiO, to 1 part by weight of Al,O,) and by adding 
Fe,O, as a flux. In this manner a Portland cement clinker is simultaneously 
produced in place of the valueless lime. SO, formation proceeds catalytically 
with vanadium catalyst according to the equation 2SO, + O, = 2SO3. Sulphuric 
acid is formed by addition of water to the sulphur trioxide : SO, + H,O = H,SO,. 


Raw Materials. 

The process requires anhydrite, clay, coke, sand and pyrites cinders. 

Ciay.—The raw clay is dried at about 120 to 150 deg. C. concurrently with 
producer gas. Of the total free water content of 28 to 30 per cent., about 20 per 
cent. present in the form of free water is driven off, while the remainder remains 
in the dry clay as combined water. The analysis of the dry clay is: H,O (bound), 
about ro per cent. ; SiO,, 49 to 53 per cent. ; Al,O3, 30 to 35 per cent. (of which 
about 4 per cent. is TiO,) ; Fe,O 3, about 3 per cent. ; CaO, about 1 per cent. 

ANHYDRITE.—The anhydrite is crushed at the quarry to about 50 mm. size 
and further reduced at the works to 20 to 30 mm. If the anhydrite is delivered 
in a moist condition it is dried before reaching the crushing plant. The analysis 
of the anhydrite is: H,O, 0-2 to 3 per cent.; CaSO,, 96-5 to 99°5 per cent. ; 
SiO,, 0-1 to 0-2 per cent. ; MgO, o-1 to 0-2 per cent. 

SAND.—The sand is dried in the clay drier to a moisture content of 5 per cent. 
The coarser sizes (from about 30 mm. upwards) are retained on grids at the drier 
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outlet. The analysis of the dry sand is: SiO,, 89 to 94 per cent.; Al,O;, 4 to 
6 per cent. ; CaO, 05 to 2 per cent. 

PyritEs CINDERS.—Since the raw materials do not contain enough iron, a 
small amount must be added in the form of pyrites cinders, which is obtained 
from the pyrites sulphuric acid plant at the works. The cinders are passed 
through the drier with the sand. During this operation the addition of the 
cinders is so proportioned that it represents 0-5 to 8 per cent. of the raw meal. 
The analysis of the dry pyrites cinders is: SiO,, 1 to 3 per cent.; Fe,O3, 92 to 
96 per cent. ; SO , 1 to 3 per cent. 


COKE BREEZE.—The bituminous coal coke breeze (size 0 to 10 mm.) is produced 
from Ruhr coal or Ruhr coke, and for a time Upper Silesian coke breeze was used. 
Analyses are as follows: Ruhr coke breeze—H,O, 8 to 16 per cent.;C, 78 to 
80 per cent. in dry state; ash, 10 to 15 per cent. in the dry state ; the calorific 
value of the dry coke is 6800 to 7200 kg. cal. Coke breeze ash—SiO,, 35 to 
45 per cent.; Al,O;, 20 to 30 per cent. ; Fe,O;, 15 to 20 per cent.; CaO, 6 to 
Io per cent. ; SOs;, 4 to 8 per cent. 

PULVERISED Brown CoAL.—The pulverised brown coal has a residue of 
15 to 20 per cent. on a 4,900-mesh sieve. Analyses are as follows: Brown coal 
dust—H,O, 12 to 15 per cent.; C, 54 to 56 per cent. ; ash, 10 to 12 per cent. ; 
volatile constituents, about 40 per cent. ; the calorific value is 4900 to 5100 kg. cal. 
Brown coal ash—SiO,, 8 to 15 per cent. ; Al,Os3, 7 to 16 per cent. ; Fe,O;, 2 to 
3 per cent. ; CaO, 25 to 45 per cent. ; SO3, 25 to 4o per cent. 
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GypsuM.—The gypsum, which is added at the cement grinding process, in 
the proportion of 2 to 3 per cent. of the clinker, has the following analysis: H,O, 
18 to 22 per cent. ; CaSO,, 76 to 82 per cent. ; CaCOg, 0 to 8 per cent. 

Raw MEAL.—A typical raw meal is composed of approximately 78 per cent. 
anhydrite, 9-6 per cent. dry clay, 4:8 per cent. dry sand, o-8 per cent. pyrites 
cinders, and 6-8 per cent. coke breeze. A typical analysis is as follows: H,O, 
0-5 tor percent. ; C, 4:5 to 5 percent. ; SiO,, 8 to 10 per cent. ; Al,O; (including 
TiO), 3°5 to 4:5 per cent. ; Fe,O3, 1-2 to 1-5 per cent. ; CaO, 30 to 32 per cent. ; 
SOs, 45 to 47 per cent. ; MgO, up to 0-2 per cent. ; the “ lime standard ”’ is 96 to 
100 per cent.; from 8 to ro per cent. residue is left on the 4,900-mesh sieve. 
The “lime standard” is the ratio of CaO actually present to the theoretical 
equivalent of Fe,O0;, Al,O;, and SiO, actually present. 

The Kilns. 

The raw meal is processed in four rotary kilns each 70 m. long by 3:2 m. in 
external diameter with a 20-cm. lining of high-grade firebrick. In the firing 
zone the kilns are lined for a length of 10 m. with magnesite bricks. The slope 
is 35 per cent. and the clinker is discharged through 12 tubular coolers. In the 
middle zone of the kiln three-armed firebrick bridges are built each 2 m. long, 
placed opposite each other. The total length of the bridges of one kiln is 14 to 
22m. In this manner the cylindrical space in the kiln is divided into three 
compartments and an improvement in the heat transfer between the gas and the 
raw meal is effected. The kiln makes one revolution in go seconds, and the 
material takes six to seven hours to pass through it. 


Pe; 


Sulphuric Acid. 
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Two products are formed during the treatment of the raw meal in the rotary 
kiln, namely, sulphur dioxide gas and clinker. 

SULPHUR DioxIDE GAs.—The raw meal passes into the kilns through a feed 
pipe by way of adjustable screw conveyors without granulation or moistening. 
The temperature at the upper end of the kiln is 520 to 600 deg. C. At about 
goo deg. C. the reduction process commences and continues as the temperature 
rises, to be followed by true clinker burning in the firing zone where the tempera- 
ture must be maintained at approximately 1,400 deg. C. The control of the 
kiln is effected by gas analysis (CO, + SO,, O,) at the kiln outlet by means of 
an Orsat apparatus and by adjustment of the quantities of brown coal dust burnt 
and of the quantities of gas drawn by the blowers through the kiln to the sulphuric 
acid plant. The process is so regulated that a very slight oxidising atmosphere 
exists in the kiln. Since in practice temporary reducing conditions, and con- 
sequently the formation of distillation products, cannot always be avoided, a 
blower is attached to the upper third of the kiln behind the bridges, to blow 
constantly a quantity of air into the kiln up to 5 per cent. of the raw gas. The 
investigators were told that secondary air was added so as to burn S and H,S 
to SO,. The secondary air blower is attached to the kiln and revolves with it 
blowing air into a box-ring. 

With correct running of the kiln and at full load about 14,000 cubic metres 
of SO,-containing gas are drawn out of the kiln. The composition of the gas (by 
volume) is 7-5 to 8-5 per cent. SO,, 0-8 to 1 per cent. O,, and 16 to 20 per cent. CO,. 
This quantity corresponds to a daily output of about 100 tons of SOs per kiln. 
The gas leaving the top of the kiln at a temperature of about 520 to 600 deg. C. 
is passed through large capacity dust chambers of sheet iron with pear-shaped 
sections 12m. long. The exit temperature is about 300 to 370 deg. C. The gas 
then passes through electrostatic dust precipitators with a cross sectional area 
of 7 tog:-4sq.m. The exit temperature is about 220 to 300 deg. C. This cooling 
of the gases takes place by radiation. The flue gases were said to contain 80 to 
go gr. per cub. m. of H,O and very little SO,. A little NO was present and this 
appeared as 0-02 per cent. nitrogen oxides (measured as NO) in the final H,SO, 
and also interfered with the absorption of SO,. No trouble was experienced, 
with serious corrosion at any place in the dedusting system so long as the tempera- 
ture remained about 300 deg. C. 

CLINKER.—The clinker, after leaving the kiln and passing through the coolers, 
is still at about 250 deg. C. It has the following composition : 20 to 22 per cent. 
SiO,, 8 to g per cent. Al,O3, 2:3 to 2:8 per cent. Fe,O,, 65 to 67 per cent. CaO, 
and up to about 2 per cent. SOs. 

At full load each rotary kiln has an output of about 250 tons per day of raw meal, 
which yields, in addition to about 100 tons of SO, about 120 to 125 tons of clinker. 
The consumption of coal dust corresponds to 1700 to 1800 kg, cal. per kg. of 
clinker. 

CEMENT.—The cement, ground with the addition of 2 to 3 per cent. gypsum, 
corresponds to the standards for Portland cement ‘‘ 225’ and represents a good 
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commercial grade. It has the following characteristics: Fineness—1o to 12 per 
cent. residue on a 4,900-mesh sieve ; bending strength—at 7 days, 45 to 55 kg. 
per sq. cm.; at 28 days, 65 to 75 kg. per sq. cm.; compression strength—at 
7: days, 220 to 280 kg. per sq. cm. ; at 28 days, 400 to 460 kg. per sq. cm. 


Manufacture of Sulphuric Acid and Oleum. 

After leaving the dry electrostatic precipitator the gases flow to a tower in 
which they are cooled from about 300 deg. C. to about 60 deg. C. In this tower SO, 
containing water is circulated. The wash liquor runs through a wooden settling 
tank and six cooling coils, the cooled liquor being returned to the pumping tank. 
Since the wash liquor gradually becomes richer in chlorine, it is renewed as required. 
Leaving the tower the gases go to the first cooling tower where they are cooled 
to about 40 deg. C. by aspray. The final cooling of the gases is carried out in a 
second cooling tower where they are cooled to 22 to 35 deg. C. Final cleaning 
of the gas is done in wet electrostatic precipitators. The exit gases are optically 
clear. They are diluted with air before entering the driers in order to give the 
oxygen content necessary for the contact process, the quantity of air being such 
that the ratio of O, to SO, is at least 1-8. If it is not intended to convert the 
whole of the gases to sulphuric acid, a certain quantity of the gas can be passed 
to the SO, plant before dilution with air. 

The gas drying process is in two stages. The cooled SO, gas, saturated with 
water vapour, passes through a drier, where the drying is effected with about 
g6 per cent. H,SO,. The sulphuric acid runs through a receiver, from which 
it is pumped to the drier through an irrigated cooler, which it leaves at about 
45 deg. C. Final drying takes place in a second drier. The gas leaving the 
drier contains about 0-03 to 0-2 gm. per cubic metre of water. After leaving 
this drier the gas is ready for the contact process, that is it is clean, cool, dry, 
and contains the requisite amount of oxygen. Any acid mist entrained from 
the driers is trapped in a glass wool suction filter. The pumping of the gas is 
effected by blowers. 

The contact gases, dfluted with air after leaving the blower, have their air 
content adjusted to maintain the SO, content at about 4-5 to 5°5 percent. A 
single unit treats the gas from one kiln and has two contact systems, each com- 
prising a double heat-exchanger and one converter with three contact masses. 
The first and the third contact mass are in the form of beds, while the second 
is packed in tubes. Owing to the large surface of the exchangers it is possible, 
even when the SO, gases are temporarily weaker (down to about 3:0 per cent.), 
to maintain continuously the temperature necessary for the process. Vanadium 
catalyst of various sizes is used. Cylindrical particles of 10-6 mm. and 4 mm. 
diameter are used, with a V,O; content of 30°5 gm. per litre in the case of the 
hard mass and of 45 gm. per litre in the case of medium hard mass. 

The gases, containing about 5-0 per cent. of SO,, enter the first heat exchanger 
from the bottom.and pass into the second exchanger from top to bottom outside 
the tubes, while gases containing the SO, pass through the tubes in the opposite 
direction. The gases enter the heat exchanger at about 50 to 60 deg. C. and 
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leave at 280 to 320 deg. C. The temperature at the entrance to the first contact 
mass is about 490 deg. C. The gas leaves the first mass at a temperature of about 
570 deg. C. (after about 80 per cent. conversion) ; the second mass is left at about 
435 deg. C. (conversion about 95 per cent.) and finally the third mass is left at 
445 deg. C. with a conversion of about 97-2 per cent. The gas containing SO, 
finally obtained is cooled to about 160 to 180 deg. C. in the heat exchanger before 
leaving the system. 

The absorption of SO, can take place in the oleum absorber with a 98 per cent. 
absorber in series, or the whole of the contact gas can be led directly to the 98 per 
cent. absorber. For the production of oleum the SO, gas, at about 150 to 
170 deg. C. is first cooled to about 60 deg. C. The cooled SO, gas (at about 
60 deg. C.), then enters the oleum absorber. The oleum is pumped through a 
tubular cooler to the absorber. The temperature of the oleum at the tower 
inlet is about 45 deg. C., and upon leaving the tower returns to the pump at a 
temperature of 55 to 60 deg. C. Of the oleum in circulation a part is led off 
to storage, and this is continuously replaced by 98 per cent. absorber acid. 

Sulphuric acid is produced in the sulphuric acid absorber. The spraying 
liquid, 98-5 per cent. H,SO,, is pumped to the absorber by way of a spray cooler 
at a temperature of 60 deg.C. The acid is maintained at the desired concentration 
by the addition of 96 per cent. acid from the drying system or by the addition 
of water to the 98 per cent. pump tank. Part of the acid produced is passed to 
the drying system for maintaining a concentration of 96 per cent. acid, while: 
the surplus is passed directly to the sulphuric acid store or is similarly transferred 
to storage by way of the diluting plant. The sulphuric acid produced has an 
F. content of 0-001 to 0-003 per cent. It is free from arsenic but contains about 
0-02 per cent. nitrogen oxides (measured as NO), the formation of which in the 
rotary kiln during combustion of the brown coal is unavoidable. Owing to the 
presence of the nitrogen oxides a small proportion of the SO; passes unabsorbed , 
through the stack with the exit gases. The acid, when it is not sold as 98 per cent. 
acid, is adjusted to the required strength with water in a small diluting plant. 

The sulphuric acid and oleum are stored in tanks placed at such a height that 
the acid can be directly siphoned into tank wagons. The storage tank for oleum 
of a strength exceeding 20 per cent. is isolated and the base is provided with a 
false bottom, which is kept at the required temperature with steam heating coils. 


Operation of Plant. 

The rotary kiln is heated with producer gas. As soon as the walls are glowing 
the kiln is turned through 90 deg. every two hours. When the kiln has reached 
800 to 1,000 deg. C. (this takes about half a day), pulverised coal, which ignites 
immediately, is injected and the kiln is then continuously rotated at the minimum 
speed of one revolution every 24 minutes. The temperature in the kiln rises 
rapidly if the oxygen content in the kiln head does not appreciably exceed 
I per cent. The raw meal feed is approximately 6 tons per hour when the 
temperature in the firing zone is about 1,300 deg. C. and that in the kiln head 
is from 400 to 450 deg. C. After 24 to 3 hours the gas analysis indicates that 
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reaction has commenced, while the firing zone temperature has risen to 1,330 to 
1,400 deg. C. The oxygen content in the kiln head is kept at about 0-5 per cent. 
When the firing zone temperature reaches 1,400 deg. C. the producer gas flames 
are extinguished. The kiln is then run at a speed of one revolution every 
14 to 2 minutes until the reaction is proceeding satisfactorily, which is usually 
after 5 to 8 hours. After this period the first clinker is discharged although not 
yet fully burned. Meanwhile the blanks between the kiln head and the dedusting 
chambers have been taken out but the dampers at the inlet of the electrostatic 
precipitators still remain closed. 


When the kiln is steadily evolving SO, the change-over to the blower or 
contact system is effected. The change-over of the gas from the auxiliary stack 
to the gas blower is carried out as follows. The dampers at the inlet of the 
electrostatic precipitators are opened and the blower is started. The gas stream 
does not pass into the contact system but is blown through a by-pass damper 
directly into the flue and thence into the chimney. The damper in the auxiliary 
stack is then closed. The kiln is adjusted to an oxygen content in the gas of 
0-5 to 1 per cent. by means of the blower or by regulating the pulverised coal 
feed. As soon as conditions are steady and a sufficient SO, concentration is 
obtained on the pressure side of the blower, the secondary air blower on the 
kiln is started and the gas is adiusted to the correct content of SO, and O, by 
altering the openings on the secondary air supply. When the SO, and O, contents 
are 4 per cent. and 8 per cent. respectively, the by-pass damper to the flue is 
slowly closed and the inlet valve of the previously heated contact unit is opened. 
The electrostatic precipitators are switched in as soon as the inlet temperatures 
have risen to about 200 deg. C. The kiln is gradually brought to the maximum 
output of raw gas by increasing the quantity of raw meal and pulverised coal and 
by adjusting the gas blower ; this takes less than 24 hours. 

Meanwhile the catalyst system is being heated. The contact system is 
sufficiently hot and ready for operation in five to six days when the temperature 
at the inlet to the first contact mass is from 480 to 500 deg. C. 


Examination of Samples. 
The following samples were brought back from Wolfen: 1 kg. of anhydrite, 
1 kg. of raw meal, 1 kg. of cement, 1 piece of magnesite brick, 2 pieces of firebrick, 
1 kg. of vanadium catalyst. Some of these have been examined by I.C.I. 
(Billingham Division). 
The anhydrite was not analysed, as it was considered that the I.G. Farben- 
fabrik analyses were adequate. 


The sample of raw meal was reduced to 10 gm. in a moving hopper sampler 
and a complete size analysis was done on the 10-gm. sample by sieve grading 
down to a 240-mesh B.S. sieve. The size analysis of material on the sub-sieve 
range was determined in two parts: (1) Larger than the range 66-20 pw using 
the Richardson turbidimeter. (2) Smaller than 20 p by elutriation. The results 
are given overleaf. 
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Percentage 
Sizes between sizes 


+ 72 B.S. sieve ais 
— 72+ 170B.S. sieve 
— 170 + 240 Me 


Sub-sieve analysis particle size 
76-0 to 53:0 microns .. ee ee os —_ 
53°0 to 37°5 a we ee ee ow I4'1 
37°5 to 18-8 7 ae as “% a "24°1 
Smaller than 18-8... as 5 os 48°4 


The I.G. report gives a grading of 8 to 10 per cent. residue on a 4,900-mesh sieve, 
which is approximately equivalent to a No. 170 B.S. sieve; the I.C.I. grading 
shows about 6-3 per cent. residue on this sieve. 

The chemical analysis compared with the I.G. analysis is as follows : 


1.C.I. analysis 1.G. analysis 


SO, .. ce a 9 4 
CaO S° se Ss 3 
SiO, ns cs 

Al,O; 

TiO, 

Fe,0; 

Free C ae 

Combined H,O 


x 


; 45 to 47 
. 30 to 32 


8 to 10 
3°5 to 4°5 
I-2 to 15 


4°5 to 5:0 
0-5 to I-o 


—— 


up to 0-2 


OHH OWO RY 
FN N OWS OHUN 


9 
w 


3 i ‘ less a 
P,O,; and Cl wie .. | than or = 


9 
-_ 


Sulphide... ae Wa eo oe 

AS s. es “s < »  2parts per 
—— million 
99°4 


The chief results of the cement tests are as follows: 


B.S. specifi- 
Sample I.G. figures cation 


per cent. per cent. per cent. 
SO, i «- es “se 3°55 up to 2 2°75 
Sulphide -s 5 ees 0°35 — —_ 
Free lime me S% ea 1:92 =~ == 
Combined water be ce 0°43 — — 


The SO,, sulphide, and free lime contents are all high and suggest an incomplete 
kiln reaction for this sample. The combined water content corresponds with 
2:06 per cent. gypsum (CaSO, 2H,0), of which 0-96 per cent. is SO, ; this agrees 
with the I.G. statement that 2 to 3 per cent. gypsum is added to the clinker. 
The cement met the British Standard requirement for soundness, the Le Chatelier 
expansion being 2 mm., but it was noticed that a hair crack developed on the 
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pat in the curing period before boiling. Compressive strength determinations 
were carried out, using }-in. cubes. Apart from having somewhat low strength 
at one day, the strength development was satisfactory. It can be concluded 
that the sample was not a very good cement, but the sample was probably not 
typical of that which can be obtained by this process. 

The tests suggested that the magnesite bricks were of good quality, but no 
better than the best British equivalents. There appeared to be nothing out- 
standing about the firebrick, and no examination was carried out. 

The catalytic activity of the sample of vanadium catalyst was tested under 
standard laboratory conditions over a temperature range of 410 to 480 deg. C. 
Two small samples were selected at random from the sample provided to give 
an indication of the homogeneity of the catalyst. Activity coefficients were 
calculated according to the method described in Z.f.Physik. Chem. 1931, 30 
(G. B. Taylor and S. Lenher). 


Lurgi Catalyst 


Sample No. 1 Sample No. 2 


Temperature Activity Temperature Activity 
(deg. C.) coefficient coefficient 
416 4°7 4°7 
433 50-0 14-2 
449 380-0 40-0 
477 93°0 85-0 


The Wolfen catalyst is apparently not homogeneous, but nevertheless the activity 
appears to be normal. The activity determinations were carried out at 
atmospheric pressure and under nearly isothermal conditions. Space velocities 
were not corrected for variation of gas volume with temperature, and this factor 
is therefore included in the temperature variation of the activity coefficient. 
The catalyst, which had been made by extrusion, 4 mm. dia., contained 8-9 per 
cent. V,O, and presumably was-very similar to the catalyst made at Ludwigshafen 
and described in B.1.0.S. Report 244. 


The Supply of Bags for Lime. 


Speaking at a recent meeting of the Southern Lime Association, the chairman, 
Major E. W. Taylerson, said that the delivery of hydrated lime was becoming 
extremely difficult owing to a shortage of paper bags. The chalk and lime 
industry at present required over 3,000,000 paper bags per annum, and with the 
growing demand for lime for building this would undoubtedly increase during 
1947. He pointed out that although the Ministry of Supply refused to allow 
more paper to be used for this purpose, other Ministries were requiring lime. 
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The Combination of Oxides in Portland Cement. 


A stupy of a portion of the system Na,O-CaO-Al,0,-SiO, has been made by 
Messrs. Kenneth T. Greene and R. H. Bogue as a step in the solution of the 
problem of the state of combination of Na,O in Portland cement clinker, and the 
results are given in a paper entitled ‘‘ Phase Equilibrium Relations in a Portion 
of the System Na,O-CaO-Al,0,-SiO,,” issued by the U.S. National Bureau of 
Standards. 


In an introduction the authors state that in order to understand the state of 
chemical combination of the various component oxides of Portland cement it is 
necessary first to study the interrelations of these oxides as systems of few 
components, gradually extending the scope of the investigations to include other 
oxides and, consequently, more complicated systems, as more and more data 
become available. The phase equilibrium relations of the major oxides of Portland 
cement, CaO, SiO,, Al,O3, Fe,O;, and MgO have been rather thoroughly determined 
and the results are well known. However, it is only within the last few years 
that a systematic attempt has been made to study the effect of such minor 
components as SOs, K,0O, Na,O, TiO,, etc., upon the constitution of Portland 
cement clinker. This paper represents part of an investigation undertaken to 
determine the manner in which one of these minor components, Na,O, combines 
with the other oxides of clinker. 


The results of the investigation are limited in their application to commercial 
Portland cement by the fact that one of the major components of clinker, Fe,O,, 
has been excluded. Furthermore, the exact effect of a number of the minor 
components is not yet known. Nevertheless, on the basis of present information, 
the authors state that it is possible to reach a much more definite conclusion than 
heretofore regarding the state of the Na,O in clinker. Several possibilities are 
indicated, depending not only on the composition of the clinker but perhaps 
even more on the heat treatment which it receives. 


If cooling has been rapid so that glass is present in the clinker, some of the 
Na,O will always be found in this glass. The percentage of Na,O occurring in 
this manner will depend upon different conditions, but some indication may be 
obtained from the phase equilibrium data for the Na,O-CaO-Al,0,-SiO, system. 
For example, a glass resulting from the quenching of a liquid near in composition 
to that of point 1 contains approximately 3-5 per cent. Na,O. However, if 
this melt is allowed to crystallize independently until the composition of the 
remaining liquid approaches that of point 5, and then is quenched, the resulting 
glass will contain upwards of 8 per cent. Na,O. 


The results thus far obtained indicate that, when the cooling takes place at a 
slower rate, some of the Na,O in a clinker may crystallize as the compound 
Na,O. 8CaO.3Al,03, or more likely as a solid solution phase of this compound 
and 3CaO.Al,0;. It is probable that this phase is closely related to the 
“prismatic dark interstitial’’ material found in some commercial Portland 
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cement clinkers. The compound Na,O0.8Ca0.3Al,0, has been observed in the 
present work to form prismatic crystals when the cooling rate was suitable, and 
it has been shown that the dark prismatic phase of, clinker is closely related to 
3CaO.Al,0O3. Although no proportionality was found between the percentage 
of alkali in a clinker and the amount of the dark prismatic phase which may be 
produced, the presence of either Na,O or K,O appears to be necessary for its 
formation. 


The fact that 2CaO.SiO, can form solid solutions containing Na,O makes this 
another possible manner of occurrence in clinker. The opinion has been expressed 
that, because of their instability, the «-2CaO.SiO, solid solutions which may be 
formed at clinkering temperatures are probably not present in normally-cooled 
clinker. However, since the material held in solid solution at the higher tempera- 
ture is precipitated as inclusions in the 2CaO.SiO, grains when they invert to the 
B form, some of the Na,O will be contained in these inclusions. This fact may 
be of importance in the hydration of cement, since B-2CaO.SiO, hydrates slowly 
and the alkali embedded in the grains might be protected from the action of the 
water for considerable lengths of time. 


The addition of Na,O to the system CaO-Al,0,-SiO, was found to result in 
an enlargement of the primary phase region of CaO. This means that certain 
compositions in the alkali-free system would not contain free CaO at clinkering 
temperatures, but after addition of Na,O would contain stable CaO. In this 
way Na,O can affect adversely the combination of the CaO in the cement mix. 


The authors give the following summary of the paper. The portion of the 
quaternary system Na,O-CaO-Al,O,-SiO, of importance to Portland cement 
technology has been studied by the quenching method. The phase equilibrium 
data are presented in the form of tables and phase diagrams, and features of 
interest are discussed. Mixtures located in three definite composition planes 
passing through the four-component tetrahedron, as well as a number of additional 
compositions, were investigated. Twelve crystalline compounds were observed 
to have primary phase volumes within this portion of the system. Five of the 
quaternary invariant points occurring in this part of the system have been 
located approximately. Of these only one is a eutectic; the other four are 
reaction points. It was found that 2CaO.SiO,, 3CaO.SiO,, 3CaO.Al,0,, and 
Na,0.8Ca0.3Al,0, are capable of coexisting with liquid at one of these reaction 
points. The temperature of this point is 1,440 deg. + 10 deg. C. and the com- 
position is 3°5 per cent. Na,O, 55-2 per cent. CaO, 31-0 per cent. Al,O;, and 
10°3 per cent. SiO,. Evidence was obtained indicating that, at temperatures 
below that of liquid formation, 3CaO.Al,0, and Na,O.8CaO.3Al1,0, may combine 
under suitable conditions to form a solid solution phase of intermediate properties 
and crystal structure. Based on present information, and ignoring the effect of 
Fe,O, and minor components, it is concluded that the Na,O in Portland cement 
clinker may occur in several ways depending on different conditions: (1) As a 
component of glass ; (2) As Na,O0.8Ca0.3Al1,0, or a solid solution of that compound 
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with 3CaO.Al,0,; such a phase may be associated with the prismatic dark 
interstitial material frequently observed in clinker ; (3) As a solid solution of a 
soda-bearing phase in 2CaO.SiO,; and (4) As inclusions of a soda-bearing phase 
in B-2CaO.SiO, produced by ex-solution on inversion from «-2CaO.SiO,. 


Screen Analysis of Coal. 


ACCURATE analyses of the grading of coal, such as are required for performance 
and efficiency tests of industrial plants, are difficult to obtain since the size and 
source of the sample and the method of screening are among the many factors that 
affect the result. A tentative specification, B.S.1293 of 1946, issued by the British 
Standards Institution, has therefore been prepared with the object of obtaining 
from the examination of a sample of coal, other than pulverised coal, a screen 
analysis which within reasonably definite limits of accuracy is representative of 
the whole consignment. Observations relating to coals of the sizes used in cement 
works in Britain are given in the following notes which are based on this standard. 


Collection of Samples. 


The place at which samples are obtained is dependent on the purpose for which 
the test is to be made, and if samples are taken at the consumers’ works they may be 
collected at any stage between the unloading of the coal and feeding it into the 
kilns or boilers. Care must be taken to ensure that samples are not liable to be 
unrepresentative due to separation. It is, however, preferable for samples to be 
taken while the coal is in motion and they should be taken by an experienced 
person. 

If the samples are taken from the discharge ends of chutes or conveyors, succes- 
sive quantities should be obtained at regular intervals by plunging a ladle into the 
falling stream of coal. Each quantity so obtained should be taken from the full 
width and thickness of the stream, but, where this is impracticable, quantities 
should be systematically collected from all portions of the stream. The ladle 
should not be filled to overflowing and should be plunged into the stream from the 
back and the front alternately. Where the samples are collected from conveyor- 
belts the coal should be taken at regular intervals from the complete width of the 
belt, as considerable separation occurs on conveyors. Where such collection is 
impracticable quantities should be taken from each side and the middle of the 
belt in such a way as to counteract the effect of separation and uneven loading of 
the belt. When samples are collected from bucket elevators, the complete contents 
of a bucket should be taken at regular intervals. 

If the samples are taken from a truck, the collection should be-made while 
unloading the truck by taking the whole contents of the unloader’s shovel at 
regular intervals throughout the entire period of unloading. It is difficult to 
obtain characteristic samples from heaps of coal, except from small piles not 
exceeding 3 ft. in height. In the latter case a fairly accurate sample can be obtained 
by taking a number of samples from points evenly distributed throughout the heap. 
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Weight of Sample. 

The gross weight of the sample obtained by mixing together all the separate 
quantities collected should not be less than 75 lb. for coal of 14-in. maximum size 
and 50 lb. for coal of 1-in. or under. Each gross sample should be composed of 
at least 25 separately collected quantities, the minimum weight of each being 3 lb. 
for 14-in. coal and 2 lb. for coal r-in. and under. In the case of }-in. coal the 
gross sample may be reduced to Io lb., and this should be done by riffling and not 
by quartering as the latter method leads to errors caused by separation. 


Screening. 

Before it is screened the sample should generally be dried. Coals containing 
fines should be air-dried. The screen should have square apertures, and the use 
of the following sizes will generally prove satisfactory: }in., }in., 2in., }in., 
}in., rin. and 1$in. Where screens with round holes are used, the sizes can be 
converted to equivalent square holes by dividing by 1-16, this factor being applic- 
able to British coal of small size. 

The samples of coal and the fractions after screening should be weighed within 
an accuracy of 0-5 per cent., and the sum of the weights of the fractions should 
be within 0-5 per cent. of the weight of the original sample. 

The sample should be screened in such quantities as will allow each piece of 
coal retained on the screen to be in direct contact with the screen upon completion 
of the screening operation. Where the material passing the screen has to be 
re-screened, the coal should not be allowed to fall more than 6in. For coal not 
exceeding 1} in. in size, the screen should be moved horizontally at just sufficient 
speed to cause the pieces of coal to roll on the screen, and the motion of each 
particle should not be stopped by impact on the sides. The standard method of 
screening requires a cycle of four horizontal movements in each direction followed 
by two upward jerks. This cycle is repeated four times. The coal is passed 
through the largest screen first. 

Alternatively coal not exceeding 1} in. in size can be screened on mechanical 
shaker screens inclined at an angle of 13 deg. and receiving 190 upward movements 
per minute. In this case the coal passes over the finer mesh first. 


Accuracy. 

The accuracy of the foregoing method of analysis depends on the error involved 
in the collection of the sample and the screening. The degree of accuracy varies 
with the percentage of material retained between two successive sizes of screens, 
the accuracy being higher when the percentage is very small or very high. The 
greatest inaccuracy in sampling occurs when the amount of material retained 
between two successive screens is 50 per cent. of the sample. Thus, in selecting 
the sizes of the screens, it is preferable that the weight of coal retained between 
two successive sizes of screens should not be between 30 per cent. and 70 per cent. 
of the weight of the sample. Other inaccuracies occur due to the movement of 
the coal, causing breakages which alter the particle distribution. 

If sampling and screening of coal under 3 in. is performed as described, in 
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nine cases out of ten the limits of deviation from the true value will not exceed 
the following : 


Percentage Sampling Screening Total 
between deviation deviation deviation 
two screens (per cent.) (per cent.) (per cent.) 


.10 
*80 
°25 
‘80 
+50 
‘90 
‘gO 


-80 


or 98 I: 0-50 
5 or 95 Is! 1-00 
or 90 ° T-oo 
or 80 ° 2:00 
5 Or 75 nf "50 
or 70 | 3 +50 
or 60 ° 2°75 
50 | ° 3°00 


Mr wWWNh NHK 





This standard of accuracy means that if, for example, the true weight of the 
fraction of the coal lying between two screen sizes is 30 per cent. of the weight 
of the sample, then in one case out of ten the result of the screen analysis will 
be equal to or less than 30 — 3:9 = 26-1 per cent., or will be equal to or greater 
than 30 + 3-9 = 33°9 per cent. In the other nine cases the result will be nearer 
the true value. 

If greater accuracy is required, duplicate samples should be obtained and 


the mean of the two results taken. Alternatively a sample of greater weight 
than is theoretically required should be obtained and analysed. The recom- 
mended minimum weights of the samples are based on the weights theoretically 
required to maintain the sampling deviations within the figures given in the 
table. These theoretical weights are 70 1b. for 14-in. coal, 25 1b. for 1-in. coal, 
and 51b. for 4-in. coal, compared with the recommended minimum weights of 
75 1b., 50lb., and 1olb. respectively. The reason for the increase over the 
theoretical weights is that, with less than 25 collections in each sample, the latter 
is not representative. Doubling the theoretical quantity of the sample reduces 
the sampling deviations to 1/2 of the tabulated values, with a consequent reduction 
in the total deviation, and similarly for other degrees of increase. This part of 
the standard is based on the researches of Dr. Manning on the theory of sampling 
granular material for the determination of size distribution. 


MISCELLANEOUS ADVERTISEMENTS 
PATENT 


SCALE OF CHARGES. HE Proprietors of the Patent No. 546933 for 

‘ . oe ‘“‘IMPROVEMENTS IN OR RELATING TO 

Situations Wanted, 144. a word ; minimum 3s. 6d. CEMENT” are desirous of entering into arrange- 

Situations Vacant, 2d. a word; minimum 5s. — by way = licence ee - jeoenee- 

* able terms for the purpose of exploiting the same 

mee romend 6d. ech Other miscellaneous and ensuring its full development and practical 

aavertisements, Ss. minimum. working, in this Comey aR cormsmmmivetions 

should be addressed the firs nce 

Advertisements must reach this office by Haseltine Lake & Co., 28, Southampton Buildings, 

the 5th of the month of publication. Chancery Lane, London, W.C.2. 
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EMENT ann LIME 


MANUFACTURE 


No. XIX. No. | JANUARY 1946 Price 1/- Arernate Mowrus 


All Welded 


TUBE MILLS 


ewells 


Fabricated Ends and Electrically Welded Shells, considered 
revolutionary a decade ago, are now the accepted standard 
construction for Tube, Ball, Rod and Conical Mills. 

The successful operation of these Mills, pioneered and patented 
by Newells has decisively poner superiority over earlier con- 
ventional designs with Cast Steel Ends and Riveted Shells. Full 
details of these, and other products, including Rotary Kilns, 
Coolers, Dryers, Vibrating and Rotary Screens, Washers, Slurry 
Pumps, Elevators and Conveyors, gladly furnished on request. - 


PusuisHep By CONCRETE Pupucations Lrp., 14, DarrmoutH Street, Lonvon, S.W.1 
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“NETTLE” BRAND FIREBRICK (42/44% Alumina) 
is highly refractory and displays good resistance 
to abrasion and corrosion. These properties 
enable it to withstand the severe “conditions in 
the Calcining Zone. “STEIN GLASGOW” 
Brand is a hard, dense firebrick and its good 
resistance to abrasion recommends it for the 


shaft of the kiln. 


We strongly advise the use of standard sizes ~ 
(i.e, Squares and Cupola shapes x44” x3’, 
9 x 6” x 3”, 134” x 6” x 3”, etc.) rather than Special 
Blocks. The former can be machine pressed, 
with the following advantages : 
© Denser texture — therefore better 
resistance to corrosion. 
Superior shape and size, allowing 
tighter joints. 
Lower Cost. 
Quicker Delivery. 


JOHN .G STEIN . C° L™ sonnyaripce scoTLAND 
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Low power, attendance and 
maintenance charges 


No separate dryers required 


Maintained fineness and out- 
put under all conditions 


Full reliability for continuous 
operation 


Rapid renewal of wearing parts 


Fuel ground, dried and fired in 
one automatic operation 


No. 8 size Ball Mill. Front part 
of mill casing removed to show 
discharge grids and machine cut 
gearing 


Patented 


BALL MILLS AND 
RING ROLL MILLS 
FOR FIRING 


ROTARY CEMENT KILNS 


Full particulars of FIRING PLANT 
for use with any type of kiln from: 


™ BRITISH “REMA~ 


MANUFACTURING CO., LTD., 


(Proprietors: Edgar Allen & Co., Ltd.,) 


IMPERIAL STEEL WORKS 
SHEFFIELD, 9. 
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The nation cannot afford 
absenteeism this winter 


By Providing Comfortable 
Conditions for your workers 


to ensure this 


_ INSTALL SIROCCO 
y Unit HEATERS 


Fully Described in our 
Catalogue SF252 sent on request 


“sinoceed M.P. UNIT AIR 
Heater AND CIRCULATOR 


DAvIDSO 
SIROCCO ENGINEERING WORKS 
BELFAST NORTHERN [IRELAND 


LONDON MANCHESTER GLASCOW BIRMINCHAM CARDIFF NEWCASTLE-ON-TYNE LEEOS 
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CEMENT MAKING 
EQUIPMENT 


a ____ ae 


UNIDAN GRINDING MILL completed and ready for despatch from Works 


Send your enquiries to us and take 
advantage of our unequalled experience. 


F.L. SMIDTH & Co., Lid. 


ENGINEERS, 


2, SEAMORE PLACE, LONDON, W411. 


Telephone : Telegrams: Cablegrams : 
Grosvenor 4100 (11 lines) Folasmidth, Telex, London Folasmidth, London 
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HE Gyn SOR es FB. 


VICKERS ARM 5 TROMGS. 


Cement 
Making 
Machinery 


PATENT SLURRY DESICCATORS. 


ROTARY KILNS WITH PATENT 
RECUPERATORS. 


AIR SWEPT COAL PLANTS. 


COMPOUND BALL - AND - TUBE 
GRINDING MILLS. 


COMPLETE CRUSHING PLANTS. 
ROTARY DRYERS. 
MIXERS AND AGITATORS, ETC. 


All enquiries to : 


BARROW .- IN - FURNESS 


—— oa " ee 
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WYE FOUNDRY 


CO. LTD 
WILLENHALL . STAFFS 
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maybe a Ransomes 4 tonner will be needed 
but whatever truck is called for—I, 2 or 4 
tonner—one thing is certain, it will provide 
the most economical and efficient solution to 
any and every relatively short distance trans- 
sport problem—internal, inter-departmental, 
or from shop to shop. 


The illustration is of the famous 2-tonner. 


Ransomes Electric Trucks are available 
in a wide range of models to meet all 
requirements. There are I-ton, 2-ton 
and 4-ton trucks with fixed or elevating 
platforms, tiering trucks, tipping trucks, 
fork trucks, crane trucks, tractors, etc. 
Catalogues and prices will be sent on 
application to Dept. C.L. 


PRECISION MECHANICAL & ELECTRICAL 
ENGINEERS IPSWICH 


ALITE No. 1. 68% ALUMINA 


Refractory Standard 3250° Fahr. 


SUPER 
‘ ALUMINA 
REFRACTORIES aaj nna = 


for ALITE D. 41% ALUMINA 


CEMENT Refractory Standard 3150° Fahr. 


KILNS“ E, J. & J. PEARSON, LTD., 


STOURBRIDGE, ENG. 


MISCELLANEOUS ADVERTISEMENTS. 


SCALE OF CHARGES. XPERIENCED coment weeks, _stesalits - 
Situations Wanted, 144. 3 minis . 6d. quired for service in Colonies. Replies treatec 
Situations Sa Lh ers bye = in strictest confidence.—Write, stating age, ex- 


. perience and salary required, Box 2101, Cement 
— memeber 6d. ooeee Other miscellaneous and Lime Manufacture, 14, Dartmouth St., West- 
cdvertisements, $s. minimum. 


inster, 8.W.1. 
Advertisements must reach this office by ee 
the 5th of the month of publication. 


BOOKS ON CONCRETE 
FVARPAULILNS, genuine ex-railway, heavyweight, 
280 sq. ft., sufficient to cover haystacks, For detailed prospectuses of 


machinery, etc., to clear at £4, carriage free; aa 

also 140 sq. ft., 40/-, carriage free; 60 sq. {t., the se Concrete Series books, 
10/11, carriage 2/-, two for 21/-, carriage 2/-, 

four for 39/6, carriage 4/-; will make ideal send a postcard to: 

ground sheets, coverings, floor covering if painted. 

No coupons or permits required.—Headquarters 


& General Supplies (Dept. C.L.M. 1.2), Excel CONCRETE PUBLICATIONS, LTD. 


House, Excel Court, Whitcombe Street, Leicest * 
Square, London, W.C.2. Te 14, Dartmouth Street, Westminster, S.W.1 
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CLM IXIUINTS 


ADAMANTINE 


Blue Adamantine blocks and bricks 
are hard-burnt, tough, and offer great 
resistance to abrasive action. They 
make excellent close-jointed, firm- 
faced brickwork which will withstand 
enormous pressure, and are suitable 
for use in the top and bottom zones. 


HYSILYN 


Hysilyn lime-resisting refractories, 
for use in the calcining zone, possess 
great mechanical strength in addition 
to the ability to withstand severe 
temperatures and alkaline attack. 
This quality is supplied with a 
content of alumina varied to meet 
the requirements of specific working 
conditions. 


MADE AT THE 


GENERAL REFRACTORIES LTD., 


CHARLES 


CEMENT AND LIME MANUFACTURE 


N the National interest 
kilns must be kept in 
service for as many hours as 
possible. Time lost in repairs 
must be minimised. The reputation 


achieved by Davison Refractories 


in all parts of the world for over 
one hundred years guarantees their 
thorough dependability. 


These Refractories are supplied in 
shapes to suit any type of construc- 
tion including the Davison tongued 
and grooved system which adds 
considerably to the strength of 
any lining. 


DAVISON 
GENEFAX HOUSE, 


BRANCH 


SHEFFIELD, 


OF 


10 
154 
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“ROTARY KILNS 10 coouss 


FOR ALL CALCINING PROCESSES 


Complete Plants can be supplied 


A trained mechanical and chemical Staff deals with problems. 


Submit yours to— 


LEA ma eee A 
Dla sir eee) eee a 


Published by Conorere PusticaTions, LTp., 14, Dartmouth Street, London, 8.W.1, England. 
Printed in Great Britain by Tue ConNWwALL Press Lrp.. 1-6, Paris Garden, Stamford Street, eae, 8.E.1. 
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MADE FROM SELECTED RAW MATERIALS 
“NETTLE” BRAND FIREBRICK (42/44% Alumina) 


is highly refractory and displays good resistance 
to abrasion and corrosion. These properties 
enable it to withstand the severe conditions in 
the Calcining Zone. “STEIN GLASGOW” 
Brand is a hard, dense firebrick and its good 
resistance to abrasion recommends it for the 


shaft of the kiln. 


3 
p 
; 
} 
i 
j 
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We strongly advise the use of standard sizes 
(i.e., Squares and Cupola shapes 9x 4}’ x3’, 
# x 6” x 3”, 134” x 6” x 3”, etc.) rather than Special 
Blocks. The former can be machine pressed, 
with the following advantages : 
*@ Denser texture — therefore better 
resistance to corrosion. 
© Superior si and size, allowi 
tighter soles. Be 
© Lower Cost. 
® Quicker Delivery. 
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All Welded 


TUBE MILLS 
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Fabricated Ends and Electrically Welded Shells, considered 
revolutionary a decade ago, are now the accepted standard 
construction for Tube, Ball, Rod and Conical Mills. 

The successful operation of these Mills, pioneered and patented 
by Newells, has decisively proved superiority over earlier con- 
ventional designs with Cast Steel Ends and Riveted Shells. Full 
details of these, and other products, including Rotary Kilns, 
Coolers, Dryers, Vibrating and Rotary Screens, Washers, Slurry 
Pumps, Elevators and Conveyors, gladly furnished on request. 
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Low power, attendance and 
maintenance charges 


No separate dryers required 
Maintained fineness and out- 












put under all conditions 


Full reliability for continuous 
operation 


Rapid renewal of wearing parts 


Fuel ground, dried and fired in 
one automatic operation 















No. 8 size Ball Mill. Front part 
of mill casing removed to show 
discharge grids and machine cut 
gearing 





Patented 


BALL MILLS AND 
RING ROLL MILLS 
FOR FIRING 


ROTARY CEMENT KILNS 


Full particulars of FIRING PLANT 
for use with any type of kiln from: 


™ BRITISH “REMA” 


MANUFACTURING CO., LTD., 
(Proprietors: Edgar Allen & Co., Ltd.,) 


IMPERIAL STEEL WORKS 
SHEFFIELD, 9. 
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The nation cannot afford 
absenteeism this winter 





By Providing Comfortable 
Conditions for your workers 


to ensure this 


INSTALL SIROCCO 
UNIT: HEATERS 
AND CIRCULATORS 


Fully Described in our 
“Sinoceo’ M.P. UNIT AIR Catalogue SF252 sent on request 
TER AND CIRCULATOR 





DAVIDSON 


STROCCO ENGINEERING WORKS 
BELFAST — NORTHERN IRELAND 
OTL a eMC IC Cmts eae ek aS 
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CEMENT MAKING 
EQUIPMENT 


UNIDAN GRINDING MILL completed and ready for despatch from Works 


Send your enquiries to us and take 
advantage of our unequalled experience. 


F.L. SMIDTH & Co., Ltd. 


ENGINEERS, 


1, GREAT CUMBERLAND PLACE, LONDON, W.1. 


Telephone : gs Telegrams: Cablegrams : 
Ambassador 127! Folasmidth, Telex, London Folasmidth, London 
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WYE FOUNDRY 


CO. LTD 
WILLENHALL . STAFFS 
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Cement 
Making 
Machinery 


PATENT SLURRY DESICCATORS. 


ROTARY KILNS WITH PATENT 
RECUPERATORS. 


AIR SWEPT COAL PLANTS. 


COMPOUND BALL - AND - TUBE 
GRINDING MILLS. 


COMPLETE CRUSHING PLANTS. 
ROTARY DRYERS. 
MIXERS AND _ AGITATORS, ETC. 


All enquiries to : 


BARROW - IN - FURNESS 


ne EPS TF ellie & er 
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ov’ ¥y is sometimes the price of a Ransomes 


© Electric Truck. To be more specific, there 
are cases where a Ransomes Electric Truck has saved 
its first cost in six months in the economies effected 
in time and labour. 


There are sizes and types to suit every job, 
|-, 2- and 4-tonners. 
The illustration is of the famous |-tonner. 


. nl weet we. vd? F 
‘J s if ' if 7 i 
t 


are available in a wide range of inudets co incet 
all requirements. There are I-ton, 2-ton and 
4-ton trucks, with fixed or elevating platforms, 
tiering trucks, fork trucks, crane trucks, tipping 
trucks, tractors, etc. 

Catalogues and prices will be sent on applica- 
tion to DEPT. C.L. 


COMPANYS 
WORKS COVER 


PRECISION MECHANICAL€ ELECTRICAL \ om 
ENGINEERS IPSWICH 


BOOKS ON CONCRETE 


“CONCRETE SERIES ” 


books on concrete are available on 
practically every aspect of the design 
and construction of reinforced con- 
crete, precast concrete, the manu- 
facture and chemistry of cement, 
and kindred subjects. A detailed 
catalogue will be sent on request. 


CONCRETE PUBLICATIONS LIMITED 
14, Dartmouth Street, Westminster, S.W.1 
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ADAMANTINE 


Blue Adamantine blocks and bricks 
are hard-burnt, tough, and offer great 
resistance to abrasive action. They 
make excellent close-jointed, firm- 
faced brickwork which will withstand 
enormous pressure, and are suitable 
for use in the top and bottom zones. 


HYSILYN 


Hysilyn lime-resisting refractories, 
for use inthe calcining zone, possess 
great mechanical strength in addition 
to the ability to withstand severe 
temperatures and alkaline attack. 
‘This quality is supplied with a 
content of alumina varied to meet 
the requirements of specific working 
conditions. 


MADE AT THE 


GENERAL REFRACTORIES LTD., 


CHARLES 


N the National’ interest 
kilns must be kept in 
service for as many hours as 


possible. Time lost in repairs 
must be minimised. The reputation 
achieved by Davison Refractories 
in all parts of the world for over 
one hundred years guarantees their 
thorough dependability. 


These Refractories are supplied in 
shapes to suit any type of construc- 
tion including the Davison tongued 
and grooved system which adds 
considerably to the strength of 
any lining. 


DAVISON BRANCH 


GENEFAX HOUSE, 


SHEFFIELD, 


PAGE xi 
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ROTARY KILNS AND COOLERS 


FOR ALL CALCINING PROCESSES 


Complete Plants can be supplied 


A trained mechanical and chemical Staff deals with problems. 


Submit yours to— 


EDGAR ALLEN & CO, LIMITED. 
IMPERIAL STEEL WORKS:- SHEFFIELD.9 


Published ny Conornete Pusiications, Lrp., 14, Dartgouth Street, London, 8.W.1, Eng) 
Printed in Great Britain by Tuz ComnwaLL Press Lop., . Paris Garden, Stamford Street, por §.E.1. 
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Gus was the problem posed to us some years 
ago by a High Executive of a leading Cement 


Company. 
And so, the User, the Designer and the Maker 


-came together. 
When ‘this happens there can only be one 


result—success ! 

Many Pumps have followed from .that first 
‘Combined Ops.” meeting, and as a result... 
there is no better Heavy Duty Slurry Pump 
than ours. 


Please note our new Telephone Nos. 
MISTERTON 224 & 225 


Pug SHED BY Concrere PUBLICATIONS Lro. 14, DartmoutH Srresr. Lonpon, SWA 
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MADE FROM SELECTED RAW MATERIALS 
“NETTLE” BRAND FIREBRICK (42/44% Alumina) 


is highly refractory and displays good resistance 
to abrasion and corrosion. These properties 
enable it to withstand the severe conditions in 
the Calcining Zone. “STEIN' GLASGOW” 
Brand is a hard, dense firebrick and its good 
resistance: to abrasion recommends it for the 


. shaft of the kiln. 


Y, 
No 
<p 


5 
Peal eat 


| 


IN A MODERN PLANT 


We. strongly advise the use of standard sizes 
(i.e.,. Squares and Cupola shapes 9x 4}” x3’, 
# x 6" x 3”, 134” x 6” x 3”, ete.} rather than Special 
Blocks. The former can be machine pressed, 
with the following advantages : 
® Denser texture — therefore better 
resistance to corrosion. 
© Superior shape and size, allowing 
tighter joints. 
© Lower Cost. 
© Quicker Delivery. 
; or 


JOHN .G STEIN. C° L™ sonnverioce scotvann 
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Complete 
Drying Plant 


Edgar Allen and British Rema complete 
drying plants combine high thermal effi- 
ciency with simple and robust construction. 
Running costs are low. Many classes of 
materials are being commercially dried by 
rotary and pneumatic dryers. Auxiliary 
equipment also manufactured. 


Write for DRYING EQUIPMENT. BOOKLET 


BRITISH "REMA” MANUFACTURING C° LT9. 


(Proprietors: Edgar Allen & Co., Ltd.) 


IMPERIAL STEEL WORKS, - - - - SHEFFIELD, 9 
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A SPECIAL FAN WHEEL *“sIROCCO” PRODUCTS 

88-INS. DIAMETER FOR FOR THE 
KILN FIRING. CEMENT INDUSTRY 

INCLUDE: 

Mechanical Draft Fans 

and ‘‘Davidson’’ Flue Dust 

Collectors; “Sirocco”’ 

Coal Firing Fans and 

“Davidson” Dust 

Collectors; “Sirocco” 

Fans for Cool Air Supply 

to Kiln Firing Pipes; 

“*Sirocco’’ and “ Aeroto”’ 

(trade mark) Fans for 

Ventilation and Dust 


Extraction, etc. 


DAVIDSON & Co., LIMITED 
SIROCCO ENGINEERING Works BELFAST 


LONDON, MANCHESTER, LEEDS. CARDIFF, BIRMINGHAM, NEWCASTLE, GLASGOW, DUBLIN 





0 0 


TELEPHONE : 
AMBASSADOR 1271 


TELEGRAMS : 
FOLASMIDTH 
TELEX, LONDON 


CABLEGRAMS : 
FOLASMIOTH 
LONDON 


CEMENT AND LIME MANUFACTURE 


For automatic filling and weighing of cement into 
valve sacks. Made in different sizes according to 


output required. 


LARGE OUTPUT 


COMBINED WITH 


ECONOMY IN LABOUR 


F.L. SMIDTH 


& CO. LTD. 


1 GREAT CUMBERLAND PLACE, LONDON, W.1 
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WYE FOUNDRY 


CO. LTD : 
WILLENHALL : STAFFS 
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Cement 
Making 
Machinery 


PATENT SLURRY DESICCATORS. 


ROTARY KILNS WITH PATENT 
RECUPERATORS. 


AIR SWEPT COAL PLANTS. 


COMPOUND BALL - AND - TUBE 
GRINDING MILLS. 


COMPLETE CRUSHING PLANTS. 
ROTARY DRYERS. 
MIXERS AND _ AGITATORS, ETC. 


All enquiries to : 


VICKERS HOUSE, 
BROADWAY, 
LONDON, S.W.1I. 


as Works : 
Ss BARROW - IN - FURNESS 


PE ETA a 
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IPR Isl, 


Brow, FIRTHAG 
é EPOK 


Here are two steels of provedly 
outstanding merit for muck- 
shifting equipments. 
Hundreds of Contractors support 
this statement. 


D Sreccl ALLOY STEELS 
for P IGGER TEETH - BULLDOZER BLADES 


THOS FIRTH « JOHN BROWN LTO Silaaaiaal 
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is sometimes the price of a Ransomes 

Electric Truck. To be more specific, there 
are cases where a Ransomes Electric Truck has saved 
its first cost in six months in the economies effected 
in time and labour. 


There are sizes and types to suit every job, 
|-, 2- and 4-tonners. 


The illustration is of the famous |-tonner. 


are available in a wide range of models to meet 
all requirements. There are I-ton, 2-ton and 
4-ton trucks, with fixed or elevating platforms, 
tiering trucks, fork trucks, crane trucks, tipping 
trucks, tractors, etc. 


Catalogues and prices will be sent on applica- 
tion to DEPT. C.L. 


PRECISION MECHANICALS ELECTRICAL 
ENGINEERS IPSWICH 


ALITE No. 1. 68% ALUMINA 


Refractory Standard 3250° Fahr. 


REFRACTORIES eee uae 


for ALITE D. 41% ALUMINA 


CE MENT Refractory Standard 3150° Fahr. 


KiNS/ E. J. & J. PEARSON, LTD., 


STOURBRIDGE, ENG. 


MISCELLANEOUS ADVERTISEMENTS. 


ITUATION VACANT. Director of Research for 
SCALE OF CHARGES. S a group of Portland cement manufacturers 
Situations Wanted, 144. a word ; minimum 3s. 6d. in South Africa. Applications are invited from 
Si V ad A oo chemists, chemical engineers or engineers who 
ttuations Vacant, 2d. @ word; minimum Ss. have had research and preferably also cement 
Box number 6d. extra. Other miscellaneous wae bir oases rae is a 
: . : new development, and adequate staff wi e ap- 
aavertisements, Ss. minimum. pointed to assist the Director. ane appointment 
will originally be by contract for a fixed period 
Advertisements must reach this office by with the prospect of renewal or transfer to per- 
the 5th of the month of publication. manent staff. First-class passage for applicant 
and family. Applications should include full par- 
ticulars and salary required, references and copies 
of published works if any. Salary according to 
qualifications and experience, but not less than 
QITUATION VACANT. Good engineer (28 to 35 £1,500 a “N.N.,” c/o J. W. Vickers & 
years) with some knowledge and practice of Co., Ltd., 7-8, Great Winchester Street, London, 
cement manufacture wanted to assist in develop- E.C.2. 
ment of cement conveying system and cement 
machinery, technical service to users, and tech- 
nical representation. Apply in first instance, with 
full details of academic and commercial career, MACHINERY WANTED, Complete cement 
salary expected, age, and position with regard to manufacturing plant wanted to produce 
Ministry of Labour and National Service, to Box 1,000 tons of cement weekly.—Box 2103, 
2102, CEMENT & LIME MANUFACTURE, 14, Dart- CEMENT & LIME MANUFACTURE, 14, Dartmouth 
mouth Street, Westminster, S.W.1. Street, Westminster, S.W.1. 


(enn anna ar ee ER RE A tN ea cst nr erwe ES 
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@) MADE 
Wy 


GENERAL REFRACTORIES LTD., 


: ADAMANTINE 


Blue Adamantine blocks and bricks 
are hard-burnt, tough, and offer a 
resistance to abrasive action. ey 
make excellent close-jointed, firm- 
faced brickwork which will withstand 
enormous pressure, and are suitable 
for use in the top.and bottom zones. 


HYSILYN 


Hysilyn lime-resisting refractories, 
for use in the calcining zone, possess 
great mechanical strength in addition 
to the ability to withstand severe 
temperatures and alkaline attack. 
This quality is supplied with a 
content of alumina varied to meet 
the requirements of specific working 
conditions. 


AT THE 


CHARLES 


CEMENT AND LIME MANUFACTURE 


N the National interest 
df kilns must be kept in 
‘service for as many hours as 


possible. Time lost in repairs 
must be minimised. The reputation 
achieved by Davison Refractories 
in all parts of the world for over 
one hundred years guarantees their 
thorough dependability. 


These Refractories are supplied in 
shapes to suit any type of construc- 
tion including the Davison tongued 
and grooved system which adds 
considerably to the strength of 
any lining. 


DAVISON 
GENEFAX HOUSE, 


BRANCH 


SHEFFIELD, 


OF 


10 
1” 
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COMPLETE 


CEMENT 


Makers -of cement-making plant and 
machinery, including ROTARY KILNS 
and CALCINERS, ROTARY DRYERS, 
TUBE MILLS, CRUSHING and GRIND- 
ING . MACHINERY, ROTARY and 
VIBRATING SCREENS, AIR SEPARA. 
TORS, STEEL CASTINGS, etc. 


SERVICE 


FOR 


WORKS 


We are manufacturers of cement plant 
of every type and‘size, and shall be 
pleased to submit complete schemes 
and estimates. We illustrate here the 


well-known. Tiger Rotary Kiln. 


EDGAR ALLEN 


EDGAR ALLEN & CO. LTD., I[MPERIAL'STEEL WORKS, SHEFFIELD, 9 


Published by Concer: 


CRETE PUBLICATIONS, LTD., 14, Pastucats Street, London, 8.W.1, England. 
Printed in Great Britain by Tut ComnwaL. Press Inv. 


. Paris Garden, Stamford Street, London, 8.E.1. 





a ka “National Bureau of Standard 
AUG 13 1946 


CEMENT ano LIME. 


MANUFACTURE 
Vo. XIX. No. 4 — 


GRINDING 


7 N. | 
| S o STEEL BALLS 
SLUGOIDS 
ELIPEBS 


_ AELIPEBS Biter 
LOUCESIEB 


| 
FUBLISHED BY CONCRETE PusticaTions Lrp. 14, DARTMOUTH Street, Lonpon, S.W.1 
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“NETTLE” BRAND FIREBRICK (42/44% Alumina) 
is highly refractory and displays good resistance 
to abrasion and corrosion. These properties 
enable it to withstand the severe conditions in 
the Calcining Zone. “STEIN GLASGOW” 
Brand is a hard, dense firebrick and its good 
. resistance to abrasion recommends it for the 


shaft of the kiln. 


% 
«. 
a 
Sc 
QO 
° 
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IN A MODERN PLANT 


We strongly advise the use of standard sizes 
(ie, Squares and Cupola shapes 9”x4}” x3”, 
9 x 6” x 3”, 134° x 6” x 3”, etc.) rather than Special 
Blocks. The former can be machine pressed, 
with the following advantages : 
© Denser texture — therefore better 
resistance to corrosion. 
@ Superior shape and size, allowing 
tighter joints. 
© Lower Cost. 
® Quicker Delivery. 


JOHN .G STEIN .C° L? sonnysripce scoTLAND 
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Guts was the problem posed to us some years 
ago by a High Executive of a leading Cement 
Company, 

And so, the User, the Designer and the Maker 


came together. 

When this happens there can only be one 
result—success ! 

Many Pumps have followed from that first 
‘* Combined Ops.’ meeting, and as aresult ... 
there is no better Heavy Duty Slurry Pump 
than ours 


Please note our new Telephone Nos. 


MISTERTON 224 & 225 





Complete 
Drying Plant 


Edgar Allen and British Rema complete 
drying plants combine high thermal effi- 
ciency with simple and robust construction. 
Running costs are low. Many classes of 
materials are being commercially dried by 
rotary and pneumatic dryers. Auxiliary 
equipment also manufactured. 


Write for DRYING EQUIPMENT BOOKLET 


BRITISH “REMA” MANUFACTURING C° LT? 


(Proprietors: Edgar Allen & Co., Ltd.) 


IMPERIAL STEEL WORKS, - . - - SHEFFIELD, 9 
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A SPECIAL FAN WHEEL “SIROCCO” PRODUCTS 

88-Ins. DIAMETER FOR FOR THE 
KILN FIRING. CEMENT INDUSTRY 

INCLUDE: 

Mechanical Draft Fans 

and “‘Davidson’’ Flue Dust 

Collectors; ‘“‘Sirocco”’ 

Coal Firing Fans and 

“Davidson” Dust 

Collectors; “Sirocco” 

Fans for Cool Air Supply 

to Kiln Firing Pipes; 

“‘Sirocco’’ and “ Aeroto’’ 

(trade mark) Fans for 

Ventilation and Dust 


Extraction, etc. 


DAVIDSON & Co., LIMITED 
SIROCCO ENGINEERING WorkS BELFAST 


LONDON, MANCHESTER, LEEDS, CARDIFF, BIRMINGHAM, NEWCASTLE, BLASGOW, DUBLIN 
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ROTARY 


FLUXO 


PACKER 
for 


CEMENT 


For automatic filling and weighing of cement into 
valve sacks. 


LARGE OUTPUT 


a * combined with weighing accuracy and economy 
in labour. 


TELEPHONE : 
AMBASSADOR 1271 
TELEGRAMS : e e 


FOLASMIDTH 
TELEX, LONDON 
CABLEGRAMS : & co . LT D . 


“vate 1 GREAT CUMBERLAND PLACE, LONDON, W.1 
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WYE FOUNDRY 


co. LTD 
WILLENHALL ° STAFFS 





PAGE vili 


CEMENT 


AND LIME MANUFACTURE Joy, 1946 


Cement 
Making 
Machinery 


PATENT SLURRY DESICCATORS. 


ROTARY KILNS WITH PATENT 
RECUPERATORS. 


AIR SWEPT COAL PLANTS. 


COMPOUND BALL - AND - TUBE 
GRINDING MILLS. 


COMPLETE CRUSHING PLANTS. 
ROTARY DRYERS. 
MIXERS AND AGITATORS, ETC. 


All enquiries to : 


VICKERS HOUSE, 
BROADWAY, 
LONDON, S.W.|I. 


Works : 
BARROW - IN - FURNESS 


SST, ST Be > —= 
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IPR El, 


BROW FIRTHAG 
é EPOK 


Here are two steels of provedly 
outstanding merit for muck- 
shifting equipments. 


Hundreds of Contractors support 
this statement. 


7 Special ALLOY STEELS 
OY) fe DIGGER TEETN- BULLDOZER BLADES 


THOS FIRTH «© JOHN BROWN LTO SHEFFIELD 
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MINIMISE yows manpower 
SHOALAGE 


Maximum output is important at any time, but 
with the present labour shortage it is vital. 


From the time the clay is quarried to the 
time the finished product is ready for despatch, 
materials travel considerable distances. The 
speed of transport can affect the output of 
every worker. The elevating platform facili- 
tates the use of stillages which are lifted in a 
second. Ransomes Electric Trucks start in a 
second irrespective of temperature, and the 
electric drive exerts its maximum torque 
immediately thereby saving seconds, if not 
minutes, every time a load is carried. Long- 
evity, simplicity, silence, and low operating 
costs are other important features of the 
Ransomes Electric Truck. 


Obtainable in |-4-ton sizes with types to suit 
every normal requirement. 


Catalogue and prices will be sent on application 
to Department C.L. 


GY re — ‘sf s + 
( lvo 4 TOMMERS - TIPPERS - HIGH LIFT £ CRANE TRUCKS ) 
RANSOMES, SIMS & JEFFERIES LTD., ORWELL WORKS, IPSWICH 





AN ENTIRELY NEW AND UP-TO-DATE WORK ON 


CONCRETE ROADS 
“DESIGN AND CONSTRUCTION OF CONCRETE ROADS” 


BY R. A. B. SMITH, M.C., A.C.G.1., A.M.INST.C.E., AND T. R. GRIGSON, O.B.E., M.INST.C.E. 
168 Pages. 109 Illustrations. 20 Tables. Price 8s. 6d. by post 9s. Id. 


Estate Roads—Urban Roads—Country Roads—Arterial Roads 


HIS book describes the most modern CONTENTS 

methods used in the design and construc- 1. Sirinc AND PLanninG (Curves, Sight distance, 
tion of concrete roads, particular attention Width, Camber), 2. EXCAVATION AND PREPARATION 
being given to housing estate roads. The OF THE FounpaTion. 3. Desicn (Volume of traffic ; 
authors have had a great deal of practical Thickness ; Size of slab; Two-course work). 4. Rz1n- 


ee a . ; P . FORCEMENT (Quantity; Position; Placing and fixing). 
experience of the subject, and in the prepara- 5. Joints (Advantages of different types; Methods of 


placing). 6. Formwork (Side forms ; Forms for different 
types of Joints). 7. ConcRETE MATERIALS AND Pro- 
PORTIONS. 8. MixinG, PLACING, AND FINISHING 
Concrete (Methods for large and small contracts). 
9. JuNcTIONS, CURVES, SUPERELEVATION, and Rounp- 
ABOUTS. 10. COLOURED CONCRETE Roaps. 11. LABouR 
REQUIRED FOR Various Outputs (Detailed costs from 
recent contracts). 12. MAINTENANCE AND REPAIR. 
13. CONCRETE HAUNCHES TO NEW AND ExistTING Roaps. 
14. ConcreTE Founpations FoR Woop BLocks, 
ASPHALT, SETTS, AND OTHER Toppincs. 15. CEMENT- 
GRovuTED Roaps, 


tion of this book they have had the benefit of 
the collaboration of County Surveyors and 
contractors with special experience in this class 
of work. 

In the chapter on design a highly mathe- 
matical treatment has been avoided, and the 
methods that have been found satisfactory in 
practice are presented in a simple manner. 


In the chapters dealing with construction 
the latest types of machines developed in con- 
nection with runway construction are illustrated 
and described, as well as the best and most 
economical methods of laying short lengths of 
concrete road where expensive machinery would 


not be justified. 
A “CONCRETE SERIES” 


CONCRETE PUBLICATIONS LIMITED, 14, 


APPENDIXES = 
1, QUANTITIES OF MATERIALS REQUIRED PER CuBIC 
YARD OF CONCRETE. 2. TesTING CONCRETE AND COn- 
CRETE MATERIALS. 3. METHOD OF CLASSIFYING SOILS 
ACCORDING TO THEIR BEARING CAPACITIES. 


book just published by 
DARTMOUTH STREET, LONDON, S.W.1. 
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WORKING 
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ADAMANTINE 
Blue Adamantine blocks and bricks 


are hard-burnt, tough, and offer tt 


‘resistance to abrasive action. ‘They 
make excellent close-jointed, firm- 
faced brickwork which will withstand 
enormous pressure, and are suitable 
for use in the top and bottom zones. 


HYSILYN 


Hysilyn lime-resisting refractories, 
for use in the calcining zone, possess 
great mechanical strength in addition 
to the ability to withstand severe 
temperatures and alkaline attack. 
This quality is supplied with a 
‘content of alumina varied to meet 
the requirements of specific working 
conditions. : 


MADE AT THE 


GENERAL REFRACTORIES LTD., 


CHARLES 


Dm 


N the National interest 

kilns must be kept in 
service. for as many hours as 
possible. Time lost in repairs 
must be minimised. The reputation 
achieved by Davison Refractories 
in: all parts of the world for over 
one hundred years guarantees their. - 
thorough dependability. 


These Refractories are supplied in 
shapes to suit any type of construc- 
tion including the Davison tongued 
and. grooved system which adds 
considerably to the strength of 


any lining. ) 


DAVISON BRANCH 
GENEFAX HOUSE, 


SHEFFIELD, 


OF 


10 
iF 
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Is he still 
a working 
machine ? 


No! The ital of his body is too great for his legs to 
withstand, body weight having increased disproportionately 
to bone strength. Your machines have often to withstand 
constantly magnified stresses. Make sure their steel bones 
are strong enough by using Edgar Allen steel castings for the 
vital parts. Edgar Allen steel castings are made by three 
different processes, in ten different steels, and in weight from 
a few ounces up to 20 tons. The process is chosen to suit 
the steel, and the steel is chosen to suit the job. 


te Write for Edgar Allen Stee! Foundry Book. 


EDGAR ALLEN & CO, LIMITED. 
IMPERIAL STEEL WORKS:— SHEFFIELD.9 


Published Concrete PusLications, Ltp., 14, Dartmouth Street, London, S.W.1, England. 
Printed in Great Britain by Tuz ComnwaLi Press Lop., 1-6, Paris Garden, Stamford Street, Lendee. 8.E.1. 
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tional Bureau Of Standards 


iets MANUFACTURE 


a XIX. No5 SEPTEMBER 1946 Price 1/- Avternate Monts 


& WERY FINE MILL 


This Tube Mill is another example of Newell’s All-welded construction which 

has so decisively out-dated riveted Shells and Cast Steel Ends. Just shipped 

to South Africa for grinding Cement Clinker, it is 6ft. 6in. diameter x 36ft. | 
Qin. long. Drive is by a 450 h.p. Motor, with special Gear Box and armoured 

Torsion Shaft. Barring (or inching) Gear is also fitted. Estimated output 

is 9 tons per hour, 95. per cent. of the finished product passing through BS. 

Sieve No. 170. You are invited to-write now for full details of this advanced 

design—The Mill of to-morrow and to-day .. . a#fine Millindeed. 


 All-welded construction is protected by Patents. 


’ i | * 2 


{ 


PuptisHeD By CONCRETE PusuicaTIons Ltp.,- 14, DarrmoutH Street, Lonpon, S.W.1 
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_ “NETTLE” BRAND FIREBRICK (42/ 44% Alumina) 
is highly refractory and displays good resistance 
to abrasion and corrosion. These properties 
enable it to withstand the severe conditions in 
the Calcining Zone. “STEIN GLASGOW” 
Brand is a hard, dense firebrick and its good 
resistance to abrasion recommends it for the 


shaft of the kiln. 


No, 
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IN A MODERN PLANT 


We strongly advise the use of standard sizes 
(i.e., Squares and Cupola shapes 9”x4}" x3’, 
% x 6” x 3”, 134" x 6” x 3”, etc.) rather than Special 
Blocks. The former can be machine pressed, 
with the following advantages : 
® Denser texture — therefore better . 
resistance to corrosion. 
© Superior and size, allowi 
par it * 
© Lower Cost. —— 
© Quicker Delivery. 


JOHN .G STEIN .C°L sonnyerivct 





SEPTEMBER, 1946 CEMENT AND LIME MANUFACTURE Pace iti 


PHONE: GLOUCESTER 405 
i | DE BS & PREMIER WORKS 
GLOUCESTER 
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patentéd KILN FIRING PLANT 


the Silent service 


‘“‘Rema’’ Ring Roll Mill and Ball 
Mill Plants automatically dry, 
grind, classify and fire all grades of 
fuel, including hard and dirty coals 
containing up to 18% total initial 
moisture. Output and fineness 
of fuel maintained 

under all condi- 

tions with lowest 

overall running 

costs. Silent.and 

dust-free opera- 

tion. 


Typical layout of 
British ‘*Rema’’ Ring 
Roll Mill Firing Plant 
operating on the unit 
system. 


BRITISH ‘‘REMA’’ MANUFACTURING Co. Ltd., 
(Proprietors: Edgar Allen & Co. Ltd.) 


SHEFFIELD, 9. 
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A SPECIAL FAN WHEEL “SIROCCO” PRODUCTS 

88-INs. DIAMETER FOR FOR THE 
KILN FIRING. CEMENT INDUSTRY 

INCLUDE: 

Mechanical Draft Fans 

and ‘“‘Davidson’’ Flue Dust 

Collectors; “Sirocco”’ 

Coal Firing Fans and 

“Davidson” Dust 

Collectors; “Sirocco” 

Fans for Cool Air Supply 

to Kiln Firing Pipes; 

**Sirocco’’ and “ Aeroto’’ 

(trade mark) Fans for 

Ventilation and Dust 


Extraction, etc. 


DAVIDSON & Co., LIMITED 
SIROCCO ENGINEERING WORKS BELFAST 


LONDON, MANCHESTER, LEEDS, CARDIFF, BIRMINGHAM, NEWCASTLE, BLASGOW, OUBLIN 
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ROTARY 


FLUXO 


PACKER 
for 


CEMENT 


For automatic filling and weighing of cement into 
valve sacks. 


LARGE OUTPUT 


a @ combined with weighing accuracy and economy 
in labour. 


TELEPHONE : 
AMBASSADOR 1271 
TELEGRAMS : e e 


FOLASMIDTH 


TELEX, LONDON & c. LTD. 


CABLEGRAMS : 


FOLASMIOTH $4 GREAT CUMBERLAND PLACE, LONDON, W.1 
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WYE FOUNDRY 


CO. LTD 
WILLENHALL i al 
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Cement 
Making 
Machinery 


PATENT SLURRY DESICCATORS. 


ROTARY KILNS WITH PATENT 
RECUPERATORS. 


AIR SWEPT COAL PLANTS. 


COMPOUND _ BALL - AND - TUBE 
GRINDING MILLS. 


COMPLETE CRUSHING PLANTS. 
ROTARY DRYERS. 
MIXERS AND AGITATORS, ETC. 


All enquiries to : 


VICKERS HOUSE, 
BROADWAY, 
LONDON, S.W.|. 
Works : 


BARROW - IN - FURNESS 
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MINIMISE yows man srower 
| SHOALAGE 


Maximum output is important at any time, but 
with the present labour shortage it is vital. 


From the time the clay is quarried to the 
time the finished product is ready for despatch, 
materials travel considerable distances. The 
speed of transport can affect the output of 
every worker. The elevating platform facili- 
tates the use of stillages which are lifted in a 
second. Ransomes Electric Trucks start in a 
second irrespective of temperature, and the 
electric drive exerts its maximum torque 
immediately thereby saving seconds, if not 
minutes, every time a load is carried. Long- 
evity, simplicity, silence, and low operating 
costs are other important features of the 
Ransomes Electric Truck. 


Obtainable in |-4-ton sizes with types to suit 
every normal requirement. 


Catalogue and prices will be sent on application 
to Department C.L. 


‘Wansomes fee Hoes 


RANSOMES, SIMS & JEFFERIES LTD., ORWELL WORKS, IPSWICH 


ALITE No. 1. 68% ALUMINA 


SUPER Refractory Standard 3250° Fahr. 


REFRACTORIES es uma 


for ALITE D. 41% ALUMINA 


c t M E NT Refractory Standard 3150° Fahr. 


KILNS / E. J. & J. PEARSON, LTD., 


STOURBRIDGE, ENG. 


MISCELLANEOUS ADVERTISEMENTS. 


EMENT PLANT FOR SALE. SITUATION VACANT. Engineer required by 
large 8.W. London industrial concern, with 


‘TWO RAW MEAL or COMPOUS&D GRINDING degree or equivalent in chemical engineering or 
MILLS, 27ft. long by 5ft. 6in. diam., with other courses embracing handling, crushing, grind- 
cast iron feed boxes, manganese lining plates. ing, sizing and classification, etc. Wide rather 
Cast steel spur wheel and pinion; Rollers 2ft. than specialised experience in design _ aopere. 
diam. Speed of mills 26 r.p.m. These are com tion of plant for these a a“ oo 
bination ball and tube mills with coarse grinding modern methods of dust collection ales pref _ > 
in first portion and fine grinding in second. Proved ability to handle labour. equired to 
introduce and control improved methods of pro- 
One COAL MILL 27ft. long by Sift. 6in. diam., cessing a wide range of non-metallic materials, 
lined with Hadfield’s manganese plate. One set many of an abrasive character and some of high 
of rollers on cast iron bedplate. priority. Excellent prospects for man combining 
One CEMENT MILL 27ft. long by 5ft. 6in. diam., sound experience with initiative. Age about 35 
with one set of rollers plated with Hadfield’s years, Salary commensurate with qualifications 
manganese plate. Cast steel spur wheel and and responsibilities. —Write with particulars to 
pinion. Rollers 2ft. diam. Speed of mills Box 341, c/o J. G. King & Son, 150, Fleet St., 
26 r.p.m. London, E.C.4. 


This equipment is offered subject to being unsold, 
and is without electrical gear. Inspection by 


nee ae UATIONS VACANT. Si 1 ht 
1. . m wp ITUA m enior draughtsmen 
THOS. W. WARD, LIMITED, S with cement machinery experience wanted by 
ALBION WORKS, Vickers-Armstrongs, Ltd., Barrow-in-Furness. 
SHEFFIELD. Applicants should address their letters to the 


a . x tails of experience and 
Vel. 26311 (15 lines). "Grams “ Forward Sheffield.” Personnel Officer, giving detail 4s " 
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ADAMANTINE 
Blue Adamantine blocks and bricks 


are hard-burnt, tough, and offer great , 


resistance to abrasive action.. They 
make excellent close-jointed, firm- 
faced brickwork which will withstand 
enormous pressure, and are suitable 
for use in the top and bottom zones. 


HYSILYN 


Hysilyn lime-resisting refractories, 
for use in the calcining zone, possess 
great mechanical strength in addition 
to the ability to withstand severe 
temperatures and alkaline attack. 
This quality is supplied with a 
content of alumina varied to meet 
the requirements of specific working 
conditions. ; 


CHARLES 


CEMENT AND LIME MANUFACTURE 


N ‘the’ National interest 

kilns. must. be kept in 
service for as many hours as 
possible. Time lost in repairs 
must be minimised. The reputation 
achieved by Davison Refractories 
in all parts of the world for over 
one hundred years guarantees their 
thorough dependability. 


‘These Refractories are supplied in 


* shapes to suit any type of construc- 


tion including the Davison tongued 
and grooved system which’ adds 
considerably to the strength of 
any lining. 


DAVISON 
GENEFAX HOUSE, 


BRANCH 
SHEFFIELD, 


OF 


10 
i> 
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FOR REDUCING ORES AND MINERALS 
BY WET, OR DRY GRINDING 


ROBUST ‘CONSTRUCTION 
ALL-STEEL CASTINGS MADE 
IN OUR OWN STEEL FOUNDRY 


Also jaw crushers, primary and secondary ‘high speed rolls, rotary washers, 
vibrating scrubbers and washers, conveying, elevating and screening plant, 
rotary kilns Y drying and rer é 


Write for Tule Mill pamphlet to 
~ Ga STD 


Published by Concrete PUBLICATIONS, ‘Lrp.; 14, Dartmouth’ Street, London, 8.W.1, En gland. 
Printed in G et Britain by THe CoRNWALL Press Lrp., 1-6, Paris Garden, Stamford sptrest, London, 8.E.1. 





anal Bureau of Standards 
pec 171% 


EMENT axp LIME 


NOVEMBER 1946 its Reaiibure Moers 


Lo. 14, DarrmoutH Street, Lonpon, S.W.1 | 


_§ Pusisuen By CONCRETE PUBLICATIONS | 





PaGE ii CEMENT AND LIME MANUFACTURE NOVEMBER, 1946 


mm. N 


REFRACTORIES | 


Joun G Strcin: Co ltpo 





Novemper, 1946 CEMENT AND LIME MANUFACTURE PAGE iii 
j= r 


| , f\ i i 
| | Wh i 
| | \V Wl Wee Whee: 


This Tube Mill is another example of Newell’s All-welded construction which 


Hou 


has so decisively out-dated riveted Shells and Cast Steel Ends. Just shipped 
to South Africa for grinding Cement Clinker, it is 6ft. 6in. diameter x 36ft. 
Oin. long. Drive is by a 450 h.p. Motor, with special Gear Box and armoured 
Torsion Shaft. Barring (or inching) Gear is also fitted. Estimated output 
is 9 tons per hour, 95 per cent. of the finished product passing through B.S. 
Sieve No. 170. You are invited to write now for full details of this advanced 


design—The Mill of to-morrow and to-day . . . a fine Mill indeed. 


All-welded construction is protected by Patents. 
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Low power, attendance and 
maintenance charges 


No separate dryers required 


Maintained fineness and out- 
put under all conditions 


Full reliability for continuous 
operation 


Rapid renewal of wearing parts 


Fuel ground, dried and fired in 
one automatic operation 


No. 8 size Ball Mill. Front part 
of mill casing removed to show 
discharge grids and machine cut 
gearing 


Patented 


BALL MILLS AND 
RING ROLL MILLS 
FOR FIRING 


ROTARY CEMENT KILNS 


Full particulars of FIRING PLANT 
for use with any type of kiln from: 


™ BRITISH “REMA” 


MANUFACTURING CO., LTD., 
(Proprietors: Edgar Allen & Co., Ltd.) 


IMPERIAL STEEL WORKS 
SHEFFIELD, 9. 
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FANS FOR 


A SPECIAL FAN WHEEL “SIROCCO” PRODUCTS 

88-INS. DIAMETER FOR FOR THE 
KILN FIRING. CEMENT INDUSTRY 

INCLUDE: 

Mechanical Draft Fans 

and ‘‘Davidson’’ Flue Dust 

Collectors; “Sirocco”’ 

Coal Firing Fans and 

“Davidson” Dust 

Collectors; “Sirocco” 

Fans for Cool Air Supply 

to Kiln Firing Pipes; 

“Sirocco’’ and “‘ Aeroto”’ 

(trade mark) Fans for 

Ventilation and Dust 


Extraction, etc. 


DAVIDSON & Co., LIMITED 
SIROCCO ENGINEERING WORKS BELFAST 


LONDON, MANCHESTER, LEEDS, CARDIFF, BIRMINGHAM, NEWCASTLE, 6LASGOW, OUBLIN 
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ROTARY 


FLUXO 


PACKER 
for 


CEMENT 


For automatic filling and weighing of cement into 
valve sacks. 


LARGE OUTPUT 


e #2 combined with weighing accuracy and economy 
in labour. 


TELEPHONE : 
AMBASSADOR 1271 

TELEGRAMS : e e : 
FOLASMIDTH 


TELEX, LONDON = <Q... aro. 


CABLEGRAMS : 


"rl aneen 1 GREAT CUMBERLAND PLACE, LONDON, W.1 
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WYE FOUNDRY 


CO. LTD 
WILLENHALL - STAFFS 
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Cement 
Making 
Machinery 


PATENT SLURRY DESICCATORS. 


ROTARY KILNS WITH PATENT 
RECUPERATORS. 


AIR SWEPT COAL PLANTS. 


COMPOUND BALL - AND - TUBE 
GRINDING MILLS. 


COMPLETE CRUSHING PLANTS. 
ROTARY DRYERS. 
MIXERS AND AGITATORS, ETC 
All enquiries to : 


VICKERS HOUSE. 
BROADWAY, 
LONDON, S.W.|I. 


Works : 
BARROW - IN - FURNESS 





NOVEMBER, 1946 CEMENT AND LIME MANUFACTURE PaGE ix 


THOS. FIRTH hae 





PAGE x CEMENT AND LIME MANUFACTURE NOVEMBER, 1946 


MINIMISE yows man sower 
SHORTAGE 


Maximum output is important at any time, but 
with the present labour shortage it is vital. 


From the time the clay is quarried to the 
time the finished product is ready for despatch, 
materials travel considerable distances. The 
speed of transport can affect the output of 
every worker. The elevating platform facili- 
tates the use of stillages which are lifted in a 
second. Ransomes Electric Trucks start in a 
second irrespective of temperature, and the 
electric drive exerts its maximum torque 
immediately thereby saving seconds, if not 
minutes, every time a load is carried. Long- 
evity, simplicity, silence, and low operating 
costs are other important features of the 
Ransomes Electric Truck. 


Obtainable in !-4-ton sizes with types to suit 
every normal requirement. 


Catalogue and prices will be sent on application 
to Department C.L. 


RANSOMES, SIMS & JEFFERIES LTD., ORWELL WORKS, IPSWICH 


AN 


ENTIRELY NEW AND UP-TO-DATE WORK ON 


CONCRETE ROADS 


“DESIGN AND CONSTRUCTION OF CONCRETE ROADS” 


BY R. A. B. SMITH, M.C., A.C.G.1., A.M.INST.C.E., AND T. R. GRIGSON, O.B.E., M.INST.C.E. 
168 Pages. 109 Illustrations. 20 Tables. Price 8s. 6d. ; by post 9s. Id. 


Estate Roads—Urban Roads—Country Roads—Arterial Roads 


HIS book describes the most modern CONTENTS 


methods used in the design and construc- 1. Sttt1nc AND PLanninc (Curves, Sight distance, 
tion of concrete roads, particular attention 
being given to housing estate roads. The 
authors have had a great deal of practical 
experience of the subject, and in the prepara- 
tion of this book they have had the benefit of 
the collaboration of County Surveyors and 
contractors with special experience in this class 
of work. 

In the chapter on design a highly mathe- 
matical treatment has been avoided, and the 
methods that have been found satisfactory in 
practice are presented in a simple manner. 

In the chapters dealing with construction 
the latest types of machines developed in con- 
nection with runway construction are illustrated 
and described, as well as the best and most 
economical methods of laying short lengths of 
concrete road where expensive machinery would 


not be justified. 
A “CONCRETE SERIES” 
CONCRETE PUBLICATIONS LIMITED, 14, 


2. EXCAVATION AND PREPARATION 
OF THE FounpaTion. 3. Desicn (Volume of traffic ; 
Thickness; Size of slab; Two-course work). 4. REIN- 
FORCEMENT (Quantity; Position; Placing and fixing). 
5. Jomnts (Advantages of different types Methods of 
placing). 6. Formwork (Side forms ; Forms for different 
types of Joints). 7. ConcrETE MATERIALS AND Pro- 
PORTIONS. 8. MixinG, PLACING, AND _ FINISHING 
Concrete (Methods for large and small contracts). 
9. JuNcTIONS, CURVES, SUPERELEVATION, and Rounp- 
ABouTs. 10, CoLouRED ConcRETE Roaps. 11. LaBour 
REQUIRED FOR Various Outputs (Detailed costs from 
recent contracts). 12. MAINTENANCE AND REPAIR. 
13. ConcrETE HAUNCHES TO NEw AND ExisT1NG Roaps. 
14. Concrete Founpations FOR Woop BLocks, 
AsPHALT, SETTS, AND OTHER Toppincs. 15, CEMENT- 
GrovuTEep Roaps. 


Width, Camber). 


APPENDIXES 


1. QUANTITIES OF MATERIALS REQUIRED PER CuBic 
YARD oF CONCRETE. 2. TESTING CONCRETE AND Con- 
CRETE MATERIALS. 8. METHOD oF CLASSIFYING SoILs 
ACCORDING TO THEIR BEARING CAPACITIES. 


book just published by 
DARTMOUTH STREET, LONDON, S.W.1. 
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, ADAMANTINE 


: Blue Adamantine blocks and bricks . 


are hard-burnt, tough, and offer great 
resistance to abrasive action. They 
make excellent close-jointed, firm- 
faced brickwork which will withstand 
enormous. pressure, and are suitable 
for use in the-top and bottom zones. 


HYSILYN 


Hysilyn lime-resisting refractories, 
for use in the calcining zone, possess 
great mechanical strength in addition 
to the ability to withstand severe 
temperatures and alkaline attack. 
This quality is supplied with a 
content of alumina varied to meet 
the requirements of specific working 
conditions. 


Co 


AT THE 


CHARLES 


¢ RB MADE 
WIDY GENERAL REFRACTORIES LTD., 


N the National interest 
kilns must be kept in 
service for as many hours as 


possible. Time lost in repairs 
must be minimised. The reputation 
achieved by Davison Refractories 
in all- parts of the world for over 
one hundred years guarantees their 
thorough dependability. 


These Refractories are supplied in 

shapes to suit any type of construc- 

tion including the Davison tongued 

and grooved system which adds 

considerably to the strength of 
lining 


DAVISON BRANCH 


GENEFAX HOUSE, 


SHEFFIELD, 


OF 


10 
is” 
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ROTARY KILNS & COOLERS 
for the production of CEMENT 


Also Combination Mills, Crushers, = 
Lime Plants, etc. = 


A trained mechanical and chemical staff deals with problems. 
Submit yours to: 


EDGAR ALLEN 


EDGAR ALLEN & CO. LTD., IMPERIAL STEEL WORKS, SHEFFIELD, 9. 


Published by ConoreTe Pusiications, LTp., 14, Dartnziouth Street, London, 8.W.1, England. 
Frinted in Great Britain by Tas ComnwaLt Press Lrp., 1-6, Paris Garden, Stamford Street, London, 8.E.2. 








